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I, Atsushi Sogabe, hereby declare that: 

1 . I am a citizen of Japan. I graduated in March of 1 988 from the Laboratory 
of Applied Microbiology in the Department of Agricultural Chemistry at Shizuoka 
University in Shizuoka, Japan. I have been employed by Toyo Boseki Kabushiki Kaisha, 
tiiejissignee with respect to the above-identified application, since April of 1988. As of 
July of 2003, 1 have been temporarily transferred to~T6yob^ 

have been engaged in research in the fields of Enzymology and Molecular Biology. 
Accordingly, I am familiar with the knowledge of one of ordinary skill in the art of 
enzymes as of at least 1996. 

2. I am one of the inventors named on U.S. Patent 6,080,553. I have read 
U.S. Patent 6,080,553, which I understand is related to the above-referenced reissue 
application. 

3. U.S. Patent 6,080,553 pertains to creatine amidinohydrolases, which are 
described in various terms, including by reference to isoelectric point, in that patent. 
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4. The isoelectric point (pi) refers to the pH of a solution at which the total 
charges of an amphoteric electrolyte becomes 0 (i.e., neutral). The twenty different amino 
acids, which make up proteins, are amphoteric electrolytes having positive charges (e.g., 
amino group) or negative charges (e.g., carboxyl group). Each amino acid has a specific 
pi value. Accordingly, a protein composed of amino acids is an amphoteric electrolyte 
having a pi value unambiguously determinable experimentally or from the amino acid 
sequence of the protein. 

5. U.S. Patent 6,080,553 provides the amino acid sequence of wild-type 
creatine amidinohydrolase derived from Alcaligenes faecalis in SEQ ID NO: 1 . Therefore, 
an ordinarily skilled artisan would be able to determine the pi value of the wild-type 
creatine amidinohydrolase by experiment and/or by calculation. The ability to do so was 
within the skill of an ordinarily skilled artisan since at least 1996. 

6. U.S. Patent 6,080,553 describes the mutation of a wild-type creatine 
amidinohydrolase to create novel creatine amidinohydrolases with lower Km values. To 
preserve the inherent function and the physicochemical properties of the wild-type creatine 
amidohydrolase, the difference in the amino acid sequence between the source material 
and the mutants, or between different mutants, would have to be relatively minimal. Such 
small differences in the amino acid sequences of the mutants as compared to the wild-type 
amino acid sequence would not result in a significant difference in the pi value of the 
mutant creatine amidinohydrolases as compared to the wild-type enzyme. 



7. One of ordinary skill in the art, reading U.S. Patent 6,080,553 in 1996, 
would have understood that U.S. Patent 6,080,553 describes three specific novel creatine 
amidinohydrolases, which can be obtained from the following deposited materials: 
Escherchia coli JM109 (pCRH273M2), Escherchia coli JM109 (pCRH273Ml), and 
Escherchia coli JM109 (pCRH273M3). By comparison of Tables 2, 4, and 6 set forth in 
U.S. Patent 6,080,553, it is apparent that the majority of the physicochemical properties 
are conserved between the novel creatine amidinohydrolases, including the pi value. 

8. One of ordinary skill in the art, reading U.S. Patent 6,080,553 in 1996, would 
have understood that U.S. Patent 6,080,553 also describes a group of novel creatine 
amidinohydrolases that include the three specific novel creatine amidinohydrolases disclosed 
in U.S. Patent 6,080,553. 
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9. If an ordinarily skilled artisan read U.S. Patent 6,080,553 in about 1996, the 
ordinarily skilled artisan would have recognized that these three specific novel creatine 
amidinohydrolases (described in U.S. Patent 6,080,553) are a representative subset of a 
group of novel creatine amidinohydrolases (also disclosed in U.S. Patent 6,080,553) with a 
shared set of physicochemical properties. The ordinarily skilled artisan also would have 
recognized that the pi value would be conserved among the members of this group of 
novel creatine amidinohydrolases as a function of conserving the function and 
physiological properties of the novel creatine amidinohydrolases. 

10. If an ordinarily skilled artisan determined the actual pi value of the three 
specific novel creatine amidinohydrolases described in U.S. Patent 6,080,553 and found 
the actual pi value to be different from the pi value reported in U.S. Patent 6,080,553 for 
those three specific novel creatine amidinohydrolases, the ordinarily skilled artisan 
nevertheless would have understood that the pi value characterizing the group of novel 
creatine amidinohydrolases would be about the same as the actual determined pi value 
characterizing the three specific novel creatine amidinohydrolases that are members of that 
group. One of ordinary skill in the art would have had that understanding in 1996 and 
would have that same understanding today. Reading U.S. Patent 6,080,553 either in 1996 
or today, one of ordinary skill in the art would believe that the inventors listed on U.S. 
Patent 6,080,553 had possession of the group of creatine amidinohydrolases with a pi 
value that was the same as the pi value of the three specific novel creatine 
jimMinohychphises described in U.S. Patent 6,080,553, even if the actual pi value for these 
three specific novel creatine amidinohydrolases differed from the pi value reported in U~S7 
Patent 6,080,553. 

1 1 . The pi values of the creatine amindinohydrolases described in Examples 4, 
5, and 6 of U.S. Patent 6,080,553 were determined experimentally in the following 
manner. The three deposited bacterial strains that produce the creatine amidinohydrolases 
described in Examples 4, 5, and 6 of U.S. Patent 6,080,553 (i.e., Escherichia coli JM109 
(pCRH273Ml) deposited as FERM BP-5374, Escherichia coli JM109 (pCRH273M2) 
deposited as FERM BP-5375, and Escherichia coli JM109 (pCRH273M3) deposited as 
FERM BP-5376, respectively) were obtained from the International Patent Organism 
Depository (IPOD), a Japanese International Depository Authority. Each bacterial strain 
was cultured in an L-broth (1.0% polypeptone, 0.5% yeast extract, 0.5% sodium chloride, 
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pH 7.4) containing 100 mg/mL ampicillin and 1.5% agar at 30° C for 24 hr. For a 
preculture, a part of the bacterial cells grown was transferred to 5 mL of an L-broth (pH 
7.4) containing 100 mg/ml ampicillin with an inoculating loop, and cultured with shaking 
at 30° C for 16 hr. Then, the obtained bacterial suspension (0.5 mL) was transferred to 50 
mL of a creatine amidinohydrolase-producing medium I (1.2% polypeptone, 2.4% yeast 
extract, 0.4% glycerol, 1.25% di-potassium hydrogen phosphate, 0.23% potassium 
dihydrogen phosphate, and 200 mg/ml ampicillin), and cultured with shaking at 30° C for 
22 hr. 

12. After the completion of the culture in the creatine amidinohydrolase- 
producing medium I, each bacterial suspension was centrifuged to recover bacterial cells, 
which were suspended in 20 mM potassium phosphate buffer (pH 7.5) and sonicated to 
extract creatine amidinohydrolase. The creatine amidinohydrolase was purified by 
polyethyleneimine treatment, ammonium sulfate fractionation, a heat treatment, DEAE- 
sepharose exchange column chromatography, and Octyl-Sepharose column 
chromatography. The purified creatine amidinohydrolase from each bacterial suspension 
gave a single band with SDS polyacrylamide gel electrophoresis. 

13. Alcaligenes faecalis strain TE3581 described in Reference Example 1 of 
U.S. Patent 6,080,553 was cultured in an L-broth (1.0% polypeptone, 0.5% yeast extract, 
0.5% sodium chloride, pH 7.4) containing 1 .5% agar at 30° C for 47 hr. For preculture, a 
part of the bacterial cells grown was transferred to 5 mL of an L-broth (pH 7.4) with an 
inoculating loop and-cultured-with-shaking-at-30°- Cfor_1.6_hr. _Then,_the_obtainedjDacteriaL 
suspension (5 mL) was transferred to 500 mL of a creatine amidinohydrolase-producing 
medium II (0.65% creatinine, 1.2% polypeptone, 2.4% yeast extract, 0.4% glycerol, 1.25% 
di-potassium hydrogen phosphate, and 0.23% potassium dihydrogen phosphate), and 
cultured with shaking at 30° C for 48 hr. 

14. After the completion of the culture in the creatine amidinohydrolase- 
producing medium II, the bacterial suspension was centrifuged to recover bacterial cells, 
which were suspended in 20 mM potassium phosphate buffer (pH 7.5) and sonicated to 
extract creatine amidinohydrolase. The creatine amidinohydrolase was purified by 
polyethyleneimine treatment, ammonium sulfate fractionation, a heat treatment, DEAE- 
sepharose exchange column chromatography, and Octyl-Sepharose column 
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chromatography. The purified creatine amidinohydrolase gave a single band with SDS 
polyacrylamide gel electrophoresis. 

15. The pi value of each purified creatine amindinohydrolase described above, 
as well as CRH-21 1, a creatine amidohydrolase derived from Actinobacillus sp. 
(commercially available from Toyo Boseki K.K.), was determined using Fast System 
(Amersham Bioscience), pi Calibration Kit 3-10 (Amersham Bioscience) and pi 
Calibration Kit 2.5-6.5 (Amersham Bioscience) were used for the pi markers. 

16. The pi values of the above-identified purified creatine amidinohydrolases 
were determined to be approximately 4.5, as reported in Figure 1 (see Attachment A). 

17. Additionally, the pi values of creatine amidinohydrolases isolated from 
various other strains are known in the art to be approximately 4.5. For example, the pi 
value of the creatine amindinohydrolase from Actinobacillus sp. is 4.6 (see page 75 of 
"Creatine Amindinohydrolase from Actinobacillus sp." Toyobo Co., Ltd. Catalog 
(Attachment B)). The pi value of the creatine amindinohydrolase of Pseudomonas sp. is 
4.7 (see page 512, second column, last paragraph, of Yoshimoto et al., Arch. Biochem. 
Biophys., 177, 508-515 (1976) (Attachment C); and page 1 of "Creatine 
Amindinohydrolase from Pseudomonas sp." Toyobo Co., Ltd. Catalog (Attachment D)). 
The pi value of the creatine amindinohydrolase of Psuedomanas sp. (expressed in 
recombinant E. coli) is 4.8 (see page 48 of "Creatinase, Pseudomonas species, 
recombinant," Roche MqlecularJBiochemicals 1 999/2000 XAttochment_E)). The_pI 

of the creatine amindinohydrolase of Arthrobacter sp. is 4.3 (see Abstract; page 3, first 
column, lines 2-12 and 17-30; and page 5, second column, lines 25-28, of JP 10-257890 
(Attachment F)). The pi value of the creatine amindinohydrolase of Paracoccus sp. is 4.1 
(see page 5, second column, line 37, of JP 7-274961 (Attachment G)). The pi value of the 
creatine amindinohydrolase of Bacillus sp. is 4.9 (see column 4, lines 10-12, of U.S. 
Patent 4,420,562 (Attachment H)). The pi value of the creatine amindinohydrolase of 
Alcaligenes sp. is 4.7 (see page 2157, penultimate paragraph, of Matsuda et al., Chem. 
Pharm. Bull., 34(5), 2155-2160 (1960) (Attachment I)). 

18. These results demonstrate that the pi values of the creatine 
amidinohydrolases disclosed in U.S. Patent 6,080,553 are about 4.5, and also that the pi 
values of creatine amindinohydrolases from different strains are about 4.5. Thus, one of 
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Attachment A 



Fig. 1 




Lane ®: pi Marker (pi Calibration Kit 3-10) 

Lane ®: creatine amidinohydrolase from Aicaligenes faecalis TE3581 

Lane ®: creatine amidinohydrolase from £ coli JM109 (pCRH273M1) 

Lane ©: creatine amidinohydrolase from £ co// JM109 (pCRH273M2) 

Lane ®: creatine amidinohydrolase from £ co// JM109 (pCRH273M3) 

Lane <§): creatine amidinohydrolase fron Actinobaciiius sp. 
Lane ®: pi Marker (pi Calibration Kit 2.5-6.5) 



TOYOBO ENZYMES 
(Diagnostic Reagent Grade) 



Attachment B 



CREATINE AMIDINOHYDROLASE 



from Actinobacillus sp. 




REPARATION and SPECIFICATION 



Appearance 
Activity 

Contaminants 

Stability 
Stabilizers 



: White amorphous powder, lyophilized 
: Grade n 6.0U/mg-solid or more 

(containing approx. 50% of stabilizers) 
: NADH oxidase £5.0 X 10~ 2 % 
Catalase £2.0% 
: Stable at 0— 5t; in a desiccator 
: Sugars, EDTA 



(Fig.1) 



lOPERTIES 

Molecular weight 
Isoelectric point 
Michaelis constant 
Structure 
Inhibitors 
Optimum pH 
"Optimum temperature 
pH Stability 
Thermal stability 
Effect of various chemicals 



: approx. 100,000 
:4.6±0.1 

:1.9X10- 2 M (Creatine) 

: 2 subunits per mol of enzyme 

: Cu ++ , Hg++, Ag + 

:8.0 

:40t: 

:pH5.5- 9.0(2512, 16hr) 

: below 50tl(pH7.5,30min) . 

: (Table 1) 



(Fig^) 
~(Hg.4f 
(Fig.5) 
(Rg-6) 



'PLICATIONS 

This enzyme. is useful for enzymatic determination of creatine and creatinine when coupled with 
sarcosine dehydrogenase (or sarcosine oxidase) and formaldehyde dehydrogenase in clinical 
analysis/ 5 
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Principle: 

Creatine+H 2 Q creatine amidinohydrolase ^ Sarcosine+Urea 



Urea+2(CH 3 ) 2 N-^-CHO- 



• [(CH 3 ) 2 N-^-C = N] 2 CO-f 2H 2 0 



The appearance of yellow dye formed by condensation of urea and p-dimethylaminobenzaldehyde (DAB) (Ehrlich 
reaction) is measured at 435nm by spectrophotometry. 
Unit definition: 

One unit causes the formation of one micromole of yellow dye per minute under the conditions described 
below. 
Method: 
Reagents 

A. Creatine solution 



B. DAB solution 



: 0.1M [1 .49g creatine (Merck)/100ml of 50mM phosphate buffer, pH 7.5] (Should 
be prepared fresh) 

: Dissolve 2.0g of DAB in 100ml of dimethylsulfoxide and, to this solution, add 15ml 

of cone. HCI solution. 
: 50mM Phosphate buffer, pH 7.5 



Concentration in assay mixtur 


Phosphate buffer 


50mM 


Creatine 


90mM 



C. Enzyme diluent 
Procedure 

1 . Pipette 0,9ml of the substrate solution (A) into a test tube and 
equilibrate at 37T; for about 5 minutes. 

2. Add 0.1 ml of the enzyme solution* and mix. 

3. After exactly 10 minutes at 37TC, add 2.0ml of DAB solution (B) to stop the reaction. 

4. Incubate at 25TC for 20 minutes. 

5. Measure the optical density at 435nm against water(OD test). 

At the same time, prepare the blank by first mixing the substrate solution with 2.0ml of DAB solution 
after a 10 min-incubation at 37*0 .followed by the addition of the enzyme solution, and carry out the same 
procedure as test (procedure 4 and 5)(OD blank). 



* Dissolve the enzyme preparation in ice-cold enzyme diluent (C) and dilute to 1.0—4.0 U/ml with the sam 
buffer, immediately before assay. 
Calculation 

Activity can be calculated by using the following formula : 

, , AOD(OD test- OD blank) XVtXdf A ^ wft „ rwJX 

Volume activity (U/ml) _ = 0.321 xi, 0 x t xvs = AODX9.35Xdf 



Weight activity (U/mg)=(U/ml) X 1/C 
Vt : Total volume (3.0ml) 

Vs : Sample volume (0.1ml) ______ _ - - *~~ " 

_ Q.321~:-Miilimolar extinction coefficient of yellow dye (enf/micromote) 
1 .0 : Light path length (cm) 
t : Reaction time (10 minutes) 
df : Dilution factor 

C : Enzyme concentration in dissolution (c mg/rhl) 



zFERENCES 

1) D.Tsuru; Nucleic Acid and Amino Acids, 35, 31 (1977). 

2) T.Yoshimoto, I.Oka and DTsuru \Arch.Biochem.Biophys., 777,508(1976). 

3) T.Yoshimoto .I.Oka and D.Tsuru \J.Biochem., 79, 1381 (1976). 

4) D.Tsuru;f?/ns/70 Kensa, 22, 1331 (1978). 
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Table 1 .Effect of Various Ch micals on Creatine amidinohydrolase 

[The enzyme dissolved in 50mM Tris-HCI buffer, pH 7.5 (80 U/ml) was incubated at 25t3 for 30 minutes with 
each chemical,] 



I I I 

Chemical 

- . t . ! J 


Ml' 
Concn.(mM) 

t. ! I I ... I 


Residijal 
activity 


Nibne. : j SJy^P 
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Triton X-100 


0.5% 


94 | 


Brii 35 


0.5% 


103 , . | 


Tween 20 . 


- 0,5%; ■ •.; . 


.100 , | 


Span 20 


■' :..'0.g% .. .. 


■106 | 


Na-cholate 


. 0;5% '. ; -> • 


.103 | 


SDS - , 


> : 0.25%; ; ■ 


r102 ;. | 


DAG .-• ■ 


• 0.5% ; : 


: 1.7. I 



Ac, CH 3 C0; EDTA, Ethyienediaminetetraacetate; PCMB, p-Chloromercuribenzoate; MIA, Monoiodoacetate; IAA, 
iodoacetamide; NEM, N-Ethylmaleimide; SDS, Sodium dodecyl sulfate; DAC, Dimethyl-benzyl-alkyl-ammonium chloride 



"'.-b-o 1 -20t 



0 1 2 3 4 5 6 



Period (months) 
Fig.1 . Stabifity (Powder form) 

[kept under dry conditions) 




f 37 t) ,10min-reaction in SOmMI 
-I K^phoshate buffer J - 




0 4 5 6 7 8 9 
PH 

Fig.S.pH-Stabrlity 

25£ , 1 6hrrtreatment with 50mM~ - 
buffer solution: pH4.0-5.5, 
Acetate pH6.0-9.0, K-phosphate 




h7^^ f .-4-|tf.-.:|,^.-g . 



0 2 4 6 8 10 12 14 16 
Perlod(days) 



Fig. 2. Stability(Liquld form) 

fin SO mM K-phosphate buffer, 1 
lpH7.5 J 




0 20 30 40 50 

Temperature, C 

Fig.4.Temperature activity 

f 1 0min-reaction in 50mM ] 

1 K-phosphate buffer, pH7.5J 




Temperature, 



Fig.4. Thermal stability 

f 30min-treament with 50mM 1 
I K-phosphate buffer, pH7.5 J 
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3St£iH£& (Japanese) 



Creatine+H 2 0 ^'^w***. . Sarcosine+Urea 

Urea+2(CH 3 ) 2 N-^-CHO— ►C(CH 3 ) aN-Q- 
C=N) 2CO+2H2O 

(DAB) t <nt&is(Ehrich]x.fc)3i!8.®>m&&m) Sit 
t*»SM*1IMMU)4rr*. 



A. 0.1M?U7>*->S8>fc (l.49g<7)?U - 7'5 L >(Merck 

■ tts) w#mw 

B. DAB>§>S(2.0grop-^^l'7'5y<>X7';UT-'b: 

HSffift : IMfWa** ft*#L&50mMU>IMMr 
»,pH7.5T»»l/.«-«fBWK=nmB»T 

1.0~4.0UM(C^-^-T5o 



(DttlietC»II»*(A)0.9rtt*U I 37TC?|«i5»IB^ 

®37"C-pjEaciO»nBJS(6*-frfca,DAB»» 

®2StT20^RlttHtt,435ninK:«l7«n%JStfl£ 

(ODtest)o 

©»*B*R»*(A)0.9B«*37TC?10aiH]JJtlKtt, 
DAB»«(B)2.0««*flIilT»FnL,*ll^-p«li||»» 
0.1 flieSAP^TiSifrSo .&TI^$IC25'CT20»EI 
ttB«lBjbE«li£t«(ODblank). 



... . _ AOD(ODtest-ODblank)X3.0(«t)X»K»S 
U/fllK — 0.321 X 1 .OX 1 0(4})X0.1 (mt) 

=- & ODX9.-35X#"WISHf 

U/mg = U/m«X17C 



4.¥JB 



0.321 



(cm'/micromole) 



1.0 
C 



: 3feSSfi(cm) 

: &/gft0&&iSJ£(c mo/me) 
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Attachment C 



ARCHIVES OP BIOCHEMISTRY AND BIOPHYSICS 177, 508-515 (1976) 



Creatine Amidinohydrolase of Pseudomonas putida: Crystallization 

and Some Properties 

TADASHI YOSHIMOTO, IMAO OKA, 1 and DAISUKE TSURU 

Faculty of Pharmaceutical Sciences, Nagasaki University, Bunkyo-Machi, Nagasaki 852, Japan 

Received May 18, 1976 

Creatine amidinohydrolase (EC 3.5.3.3, creatinase) of Pseudomonas putida var na- 
raensis C-83 was purified by column chromatography on sarcoaine-hexamethylenedi- 
anune-Sepharose and Sephadex G-200 and then crystallized in the presence of ammo, 
mum sulfate. The purified preparation appeared homogeneous on disc gel electrophore- 
sis and ultracentrifugal analysis. It was moat active at pH 8 and showed value of 
1.33 mw for creatine. Estimation of the molecular weight by the meniscus depletion 
method yielded a value of 94,000. A value of 47,000 was obtained, however, by polyacryl- 
anude gel electrophoresis in the presence of sodium dodecyl sulfate, suggesting that the 
enzyme is composed of two subunits. Inhibition experiments suggested that a sulfhydryl 
group is closely related to the creatinase activity. 



rification, the crystallization, and the de- 
tails of the properties of the creatinase 
from P. putida. This is the first report that 
describes details of the crystallization 
method and properties of the crystalline 
creatinase from P. putida. A brief commu- 
nication of the purification procedure ap- 



In the previous paper (1), we reported 
that Pseudomonas putida var. naraensis 
C-83 inducibly produces three intracellu- 
lar enzymes involved in creatinine metab- 
olism, i.e., creatinine amidohydrolase (EC 
3,5.2, creatininase), creatine amidinohy- 
drolase (EC 3.5.3.3, creatinase), and sarco- _ ^^ aoum piuc , 

sine dehydrogenase (EC 1.5.99.1). By the peared as a preliminary note (9) 
action of these enzymes, creatinine is con- 
verted to sarcosine via creatine and fur- 
ther to glycine (1). The same type of meta- 
bolic pathway for creatinine has previ- 
ously J>een_deduced in_the_other two- spe- 
cies of Pseudomonas, P. aeruginosa (2*4) 
and P. ovalis (5, 6). However, the details 
of the properties of the enzymes involved 
have remained unclear. Kaplan and his 
co-workers (7, 8) recently reported the pu- 
rification and some enzymatic properties 
of creatininase and creatinase from Ar- 
throbacter ureafaciens, but the prepara- 
tions obtained were still heterogeneous. 

We attempted to purify these three en- 
zymes from cell-free extracts of P. putida 
grown in a creatinine-enriched medium (1) 
and succeeded in obtaining a crystalline 
creatinase and characterizing its proper- 
ties. The present paper deals with the pu- 

1 On leave from Research Division, Eiken Ka- 
gaku Co., Katsushika-Ku, Tokyo. 



Copyright © 1976 by Academic Press, Itvc. 
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MATERIALS AND METHODS 

Strain used and culture conditions. P. putida var. 
naraensis C-83 was cultivated at 37°C aerobically in 
a .medium-containing -0.5% creatinine,-0.1% yeast 
extract, 0.025% malt extract, and 0.05% NR,Ci in 
0.1 m potassium phosphate buffer, pH 7.4 (1). After 
cultivation for 22 h, the cells were harvested by 
centrifugation and washed twice with 10 mM phos- 
phate buffer, pH 7.0. 

Enzyme activity assay. The activities of creatini- 
nase, creatinase, and sarcosine dehydrogenase were 
assayed as described previously (1), and one unit of 
each activity was defined as the enzyme quantity 
that decomposes 1 fiimol of substrate per minute 
under the assay conditions. Specific activity was 
expressed as units per milligram of protein. 

Preparation of sarcosine-HM-Sepharose.* HM- 

* Abbreviations used: HM, hexamechylendi- 
arnine; NTB, nitrotetrazoliurn blue; ORD, optical 
rotatory dispersion; PCMB, p-chloromercuriben- 
zoate; PMS, phenazine methosulfate; SDS, sodium 
dodecyl sulfate; BPB, bromphenol blue. 
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Sepharose was prepared from CNBr-activated Seph- 
arose 4B and hexamethylenediamine according to 
the method of Cuatrecasas (10). This was coupled 
with sarcosine in the presence of l-ethyl-3-(3-di- 
methylaminopropyUcarbodiimide as follows. HM- 
Sepharose (50 ml as packed gel) was suspended in an 
equal volume of water containing 2 mmol of sarco- 
sine and 10 mmol of the water-soluble carbodiimide 
was added to the suspension. The reaction mixture 
was gently stirred at room temperature for 20 h, 
during which the pH was maintained to 4.75 with 2 
n HC1. The resulting sarco9ine-HM-Sepharose was 
washed successively with water, 0.1 m NaHC0 3 , and 
water. The preparation was found to contain about 
20 /xmol of sarcosine per gram of dried gel as judged 
by amino acid analysis of the acid hydrolysate. 3 

Disc electrophoresis. This was carried out by the 
use of a pH 8.4 gel according to the method of Davis 
(11). Enzyme preparation (20-50 fig in 10 fii) was 
loaded on a gel and a current of 2 mA per tube was 
supplied for 1.5 h in the cold. Protein was stained 
with 1% Amidoschwarz. Specific staining of the cre- 
atinase fraction in the gel was carried out by cou- 
pling the creatinase reaction with the sarcosine de- 
hydrogenase system as follows. The gels were 
soaked, after electrophoresis, in 10 mi of 50 mM 
phosphate buffer, pH 8.0, containing 0.1 m creatine, 
50 ug of phenazine methosulfate (PMS), 50 fig of 
nitrotetrazolium blue (NTB), and 10 units of sarco- 
sine dehydrogenase at 37°C for 1 h in the dark. This 
treatment had led to the formation of diformazan 
(reduced nitrotetrazolium blue), whose blue color 
showed the position of creatinase. 

SDS-polyacrylamide gel electrophoresis. The 
method of Weber and Osborn (12) was adopted with 
a slight modification. The lyophilized enzyme (200 
fig) was dissolved in 0.5 ml of 10 mM phosphate 
buffer, pH 7.0, containing 25% glycerol, 1% SDS, 
and 0. 01% BPB with or without 0.5% 2-mercaptoeth- 
anol. After incubation at 37°C overnight, 100- /il ali- 
quots of the sample and marker proteins were.each— 
subjected to electrophoresis on 10% polyacrylamide 
gels at a constant current of 8 mA per gel for 3 h with 
a positive electrode in the lower chamber filled with 
0.1 m phosphate buffer containing 0.1% SDS. The 
gels were stained with 0.25% Coomassie brilliant 
blue R-250 and destained by washing with a mixture 
of acetic acid -methanol- water (35:105:315) for 1 
day. The molecular weight of the sample was esti- 
mated by comparison with parallel runs of the stan- 
dard marker proteins, aldolase, and phosphorylase a 
from rabbit muscle and beef liver catalase. 

Isoelectric focusing experiment. This was done by 
the method of Vesterberg and Svensson.as given in 
Matsuo and Horio (13) with an LKB apparatus 
(Sweden). Five milliliters of the enzyme solution 

1 Most of sarcosine was converted to glycine dur- 
ing acid hydrolysis. 
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was dialyzed against 0.2% carrier ampholyte (pH 4- 
6) for 20 h, applied to a column (110 ml in volume) 
with a sucrose density gradient and then subjected' 
to isoelectric focusing with a current of 3 mA for 45 h 
at 4 O. 

Ultracentrifugal analysis. The enzyme was di- 
alyzed against 50 mM acetate buffer, pH 5 8 con- 
taining 0.1 m NaCl at 4°C for 40 L The dialyzed 
enzyme solution and the outer solution were used for 
the ultracentrifugal experiments which were per- 
formed at 20°C by using a Beckman Model E Ultra- 
centrifuge equipped with Schlieren and interference 
optics. 

Optical rotatory dispersion. This was measured 
using a JASCO ORD recorder Model UV-5. A quartz 
cell of 20-mm optical path with a 0.5 to 1.0% protein 
sample was used for the measurements over the 
range from visible to the near-ultraviolet region 
(300-600 nra). A value of 113.3 was used as the mean 
residue molecular weight, M 0 , which was calculated 
from the amino acid composition. The values of a 0 
and 6 0 were calculated by the method of Urnes and 
Doty (14) and the a-helix content of the enzyme was 
estimated from the b Q value assuming that a poly- 
peptide composed completely of a-helix structure 
gave a 6„ value of -630. 

Amino acid composition. Amino acid composition 
of the enzyme was determined by the method of 
Spackman et al. (15) with a Nippon Denshi JLC- 
6AH automatic amino acid analyzer. Contents of 
half-cystine and tryptophan were determined by the 
methods of Moore (16) and Goodwin and Morton 
(17), respectively. 

The sugar content of the enzyme was measured 
by the phenol-suifuric acid method (18). 

Chemicals used. Aldolase and phosphorylase A 
from rabbit muscle and beef liver catalase were 
purchased from Boehringer-Mannheim, Germany. 
Creatine, creatinine, sarcosine, dithiothreitol, 
PCMB, and sodium tetrathionate were from Naka- 
- rai-Kagaku Co,, -Kyoto; Japanr-PMSand "NTB" were — 
products of Dojin Chemical Laboratories Co., Ku- 
mamoto, Japan, and l-ethyl-3-(3-dimethylamino- 
propyDcarbodiimide was prepared at the Peptide 
Center of Osaka University, Osaka, Japan. Sepha- 
rose 4B and Sephadex G-200 were supplied from 
Pharmacia Fine Chemicals, Sweden. 

RESULTS AND DISCUSSION 

Purification and Crystallization of Creati- 
nase from P. putida var. naraensis C-83 

All of the procedures were carried out at 
4°C. The washed cells, 100 g wet weight, 
were suspended in 500 ml of 50 mM phos- 
phate buffer, pH 7.0, mixed with an equal 
volume of glass beads and disrupted by a 
Vibrpgen Cell Mill (Edmund Buhler, Ger- 
many) for 10 min. The suspension of the 
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disrupted cells was centrifuged at 10,000 
rpm for 20 min, and ammonium sulfate 
was added to the cell-free supernatant- to 
give a final concentration of 0.8 satura- 
tion. After 3 h, the resulting precipitate 
was collected by centrifugation, dissolved 
in 50 mM phosphate buffer, pH 7.2, and 
then dialyzed against the same buffer for 2 
days. The dialysate was divided into five 
portions and each of them was applied to a 
column (3 x 20 cm) of sarcosine-HM- 
Sepharose which had previously been 
equilibrated with 50 mM phosphate buffer, 
pH 7.2, and the enzymes adsorbed were 
eluted with a linear gradient system of 
NaCl concentration. The reservoir and the 
mixing chamber contained 1 liter each of 
50 mM phosphate buffer, pH 7.2, with and 
without 1 m NaCl. A typical chromato- 
gram is illustrated in Fig. 1. The three 
enzymes related to creatinine metabolism 
were all adsorbed onto the column and 
creatinase was eluted with the buffer con- 
taining 70 mM NaCl, whereas sarcosine 
dehydrogenase and creatininase were re- 
covered at 0.4 and 0.6 m NaCl concentra- 
tions, respectively. Creatinase fractions 




jioi ... 

20 «0 W 80 

frtcttan nuobsr (10 ml /tube) 

Fig. 1. Chromatogram of creatininase, creati- 
nase, and sarcosine dehydrogenase on sarcosine- 
HM-Sepharose column. See the text for the experi- 
mental details. Sarcosine D.H., sarcosine dehydro- 
genase. 



from five separate columns were com- 
bined, and ammonium sulfate was added 
to the enzyme solution to give 0.8 satura- 
tion. The precipitate was collected by cen- 
trifugation, dialyzed against 50 mM phos- 
phate buffer, pH 7.2, and rechromato- 
graphed as above. The creatinase was 
again salted out with ammonium sulfate, 
dialyzed as above, and then subjected to 
gel filtration on a column (3 x 120 cm) of 
Sephadex G-200 equilibrated with the 
buffer used above. An almost symmetric 
protein peak with a constant specific activ- 
ity was obtained. Creatinase fractions 
were combined and concentrated by using 
a collodion bag (MS Instrument Co., 
Osaka, J apan) and the concentrate 
CA280 nm = 29) was dialyzed against 50 mM 
phosphate buffer, pH 7.2, for 1 week, dur- 
ing which a saturated solution of ammo- 
nium sulfate was added dropwise to a final 
concentration of 0.25 saturation. After the 
enzyme soution remained in a refrigera- 
tor for 2 to 5 additional days, the crystal- 
line creatinase appeared in a yield of about 
6% of the original total activity. Figure 2 
shows a microphotograph of crystalline 
creatinase. The specific activity was in- 
creased more than 60-fold by this purifica- 
tion procedure. A summary of the enzyme 
purification is shown in Table I. 

Figure 3 shows disc electroph'oretic pro- 
files of the purified creatinase. A single 
protein band was observed, which also 
showed creatinase activity as checked by 
the enzyme staining method described un- 
der Materials and„Methods.- A symmetri- 
cal Schlieren pattern was observed 
throughout the ultracentrifugal sedimen- 
tation run of the purified enzyme (Fig. 4). 
Neither creatininase nor sarcosine dehy- 
drogenase activities were detected in the 
purified creatinase preparation. 

Enzymatic Properties 

The enzyme was most active at pH 8 and 
stable between pH values of 6 and 8. Opti- 
mal temperature was at 30°C during 30 
min of reaction, and half of the original 
activity remained after incubation at 45°C 
and pH 7.4 for 30 min. Thei^,, and k ni (VI 
E {) ) values of the creatinase for creatine 
were determined to be 1.33 mM and 0.246 
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Fig. 2. Micrograph of crystalline creatinase. 



TABLE I 

Purification of Creatinase from P. putida 



Fraction 


Volume 
(ml) 


Protein 
concen- 
tration 
(mg/ml)« 


Total 
protein 
(g) 


Activity 
(units/ml) 


Total 
activity 


Specific 
activity 


Recovery 
(%) 


Culture broth 


25,000* 






0.019 


475 




100 


Cell-free extract 


1,500 


100.0 


150.0 


0.200 


300 


0.002 


63 


Salting out and dialysis 


430 


97.0 


41.0 


0.388 


166.8 


0.004 


35 


Elution from sarcosine- 


1,200 


0.45 


0.54 


0.045 


54.0 


0.100 


11.4 


HM-Sepharose 
















Salting out and dialysis 


20 


18.40 


0.368 


1.930 


38.6 


0.105 


8.1 


Gel filtration on Sepha- 


85 


3.62 


0.308 


0.420 


35.7 


0.116 


7.5 


dex G-200 
















Crystalline enzyme 






0.222 




28.5 


0.128 


6.0 



n Estimated spectrophotometrically assuming that AJ^ m at 280 nm for protein is 11.1. 
6 Contained about 300 g cells wet weight. 



I 



B 



Fig. 3. Disc gel electrophoretic patterns of purified creatinase. (A) Stained with 1% Ami- 
doschwarz; (B) detected by the enzyme staining method. 
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Pro. 4. Sedimentation pattern of purified creatinase. Uitracentrifugal sedimentation run 
was operated at 60.000 rpm at 20*C with 0.416% enzyme solution in 50 m M acetate buffer 
containing 01 m NaCI, P H 5.8. The photograph was taken 43 min after reaching full speed. Bar 



s~ l , respectively, from Lineweaver-Burk 

plots.- — — 

The effects of some chemicals and metal 
salts on the activity are shown in Table II. 
The enzyme was completely inhibited by 
incubation with 0.5 mM PCMB and 1 mM 
Hg 2 *, Cu 2+ , or Zn 2+ at pH 7.2 for 30 min. 

Physicochemical Properties and Subunit 
Structure 

The enzyme showed a maximum absorp- 
tion at 278 nm and a value of 11.1 was 
obtained as A {%, at 280 nm from the 
measurements of absorbance and dry 
weight of the purified enzyme. 

The molecular weight of the enzyme 
was estimated by the meniscus depletion 
method of Yphantis (19). Logarithmic 



plots of fringe displacement, ln_/, .versus- 
the square of raclial distance, r 2 , were al- 
most linear (Fig. 5), indicating the homo- 
geneity of the purified enzyme. The mo- 
lecular weight of the creatinase was esti- 
mated to be 94,000 ± 2000, assuming that 
the partial specific volume is 0.73 (cm 3 /g), 
which was calculated from the amino acid 
composition. 

Determination of the isoelectric point 
by the isoelectric focusing method gave a 
value of 4.7 ± 0.05 (Fig. 6). ORD parame- 
ters, a 0 and fe 0 , of the purified creatinase 
were estimated to be -70 and -98, re- 
spectively, suggesting that the a-helix 
content is less than 20%. The sedimenta- 
tion coefficient, 5 20lW . of the enzyme was 
calculated to be 6.3. The sugar content of 
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the enzyme was lower than 0.14% when 
calibrated as glucose. 
The purified enzyme was subjected to 

TABLE H 

Effects of Various Reagents upon Creatinase 
Activity 0 
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Chemicals 



Concentration 
(mM) 



Inhibition 



DFP 


1 


30 


EDTA 


2 


10 


NBS 


1 


30 


PCMB 


0.5 


100 


HgCU 


1 


100 


ZnCl 3 


1 


100 


cuso< 


1 


100 


CoCl 2 


1 


71 


MgS0 4 -7H 2 0 


1 


31 


CaCl 2 


1 


32 


Pb acetate 


1 


15 


FeCl 2 


1 


15 




Fig. 



a The enzyme was incubated with the reagents 
shown above for 30 min at pH 7.2. The remaining 
activities were assayed by the standard method 
after 20-fold dilution with 50 mM phosphate buffer, 
pH 8. DFP, diisopropylfluorophosphate; EDTA, eth- 
ylenediaminetetraacetate-2 sodium salt; NBS, 2V- 
bromosuccinimide. 



10 20~ JO 40~ 

fraction matter ( SO <trcpi/tube) 

6. Isoelectric focusing pattern of purified 
creatinase. About 4 mg of the enzyme was applied. 
See the text for the experimental details. 




Fro. 5. Sedimentation equilibrium of creatinase 
by the meniscus depletion method. The experiment 
was performed at 14,000 rpm with a 12-mm double 
sector cell containing 0.038% protein solution in 50 
mM acetate buffer-0.1 m NaCl, pH 5.8. r, radial 
distance; f t fringe displacement. 



SDS-polyacrylamide gel electrophoresis 
before and after treatment with 2-mer- 
captoethanol and a value of 47,000 was 
obtained as the molecular weight of the 
enzyme, irrespective of the mercaptoetha- 
nol treatment. From the comparison with 
the value (94,000) estimated by ultracen- 
trifugal method, 4 it is likely that the cre- 
atinase is made up of two subunit mono- 
mers noncovalently associated with each 
other. 

Amino Acid Composition and Titration of 
Sulfhydryl Group 

In Table III, the amino acid composi- 
tion-of the creatinase is -presented. The~ 
number of amino acid residues was calcu- 
lated assuming that the molecular weight 
of the monomer is 47,000. The enzyme 
subunit was found to be composed of 385 
residues of amino acids. 

As shown in Table II, the enzyme was 
completely inhibited by incubation with 
0.5 mM PCMB. Titration of the creatinase 
by PCMB following the method of Boyer 
(20) is shown in Fig. 7. Creatinase activ- 
ity was completely lost at the inflection 
point that corresponds to about one 
sulfhydryl group per mole of subunit. 

Estimation of molecular weight by the gel fil- 
tration method of Andrews (21) yielded a value of 
about 110,000. 
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Treatment of the enzyme with sodium tet- 
rathionate also resulted in loss of activ- 
ity, and subsequent treatment with a 
twofold molar excess of dithiothreitol 

TABLE III 
Amino Acid Composition of Creatinase 



Amino acid 



Number of amino acid 
residues per mole of 
subunit 11 

Found Integral 



Lysine b 


12.8 


13 


Histidine* 


11.0 


11 


Arginine* 


23.5 


24 


Aspartic acid 6 


45.3 


45 


Threonine 0 


13.6 


14 


Serine e 


11.1 


11 


Glutamic acid b 


51.1 


51 


Proline 6 


15.7 


16 


Glycine 6 


26.5 


27 


Alanine 6 


37.0 


37 


. Half cystine** 


1.7 


2 


Valine' 


30.3 


30 


Methionine' 


11.7 


12 


Isoleucine" 


29.0 


29 


Leucine 6 


27.8 


28 


Tyrosine 6 


18.2 


18 


Phenylalanine 6 


12.0 


12 


Tryptophan^ 


5.2 


5 



■ O — » w*-.wwuaiu II (ig CLH— 

sumed to be 47,000. 

* Average value of 24-, 48-, and 72-h hydrolysates. 

c Value extrapolated to zero hydrolysis time. 

d From the data of performic acid-oxidized prepa- 
ration. 

e Maximum value was adopted. 
/ Spectrophotometrically determined. 




0.05 0.10 
FCfcG *dded ( jjoolei/rcactfofi mixture ) 

Fig. 7. Titration of free SH group in creatinase 
with PCMB. The reaction mixtures consisted of 
0.0329 jonol of enzyme and varied concentrations of 
PCMB in 3 ml of 10 mM Tris-HCl buffer, pH 7.2. 
After incubation for 30 min at room temperature, 
the increase in absorbance at 250 nm was measured 
against the same concentration of PCMB. 




0 s nr 

Concentration of sodium tctratntorutc (&*) 

Fig. 8. Inactivation and reactivation of creati- 
nase by treatments with sodium tetrathionate and 
with dithiothreitol. The reaction mixtures contained 
60 /xg of enzyme and varied concentrations of sodium 
tetrathionate in 1 ml of 50 mM Tris-HCl buffer, pH 
7.2, and were incubated at room temperature. The 
remaining activities were assayed 30 min after incu- 
bation. The arrow indicates the restoration of the 
enzyme activity by treatment with a twofold molar 
excess of dithiothreitol. Since dithiothreitol was 
found to inhibit the color development by the a- 
naphthol-diacetyl method (1) used for creatinase as- 
say, the activity was determined after removal of 
dithiothreitol by dialysis. 

brought about an almost complete resto- 
ration of the creatinase activity (Fig. 8). 
These results suggest that sulfhydryl 
group plays an important role for the cre- 
atinase action. 

The present results lead to the conclu- 
sion that the creatinase from P. putida is 
made up of two subunit monomers which 
have molecular weights of 47,000, and 
that one sulfhydryl group per subunit 
seems to be closely related to the enzyme 
action^ 
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Attachment D 



CREATINE AMIDINOHYDROLASE 



from Pseudomonas sp. 



HzNv 
H2N' 



Creatine amidinohydrolase (EC 3.5.3. 3)" 



C— N— CH2COO- 
' CHa 

Creatine 



9 + 

H2N — C— NH2 + H2N — CH2COO- 
CHa 

Ur ea Sarcosine 



a PREPARATION and SPECIF/CAT/ON 



Appearance 
Activity 

Contaminant 

Stability 
Stabilizers 

3 PROPERTIES 2 

Molecular weight 
Isoelectric point 
Michael is constant 
Structure 
Inhibitors 



,3) 



^Optimum pH~ 
Optimum temperature 
pH Stability 
Thermal stability 
Effect of various metals 



White.ambrphous powder, iyophilized 
Grade II 6.0 U/mg-solid or more 

(containing approx. 40% of stabilizers) 
NADH oxidase £ 5.0 x 10' 2 % 
Catalase . < 2.0% 

Stable at -20°C for at least 6 months 
Sucrose, EDTA, 2-mercaptoethanol, dithiothreitol 



approx, 94,000 a) 
4.70 ± 0.05 2} 
2.9 x 10~ 2 M (Creatine) 
2 subunits per mol of enzyme 21 
CH 2 ICOOH, Cu ++ , Hg ++ , Ag +2) 
"7.5 ~ 
37°C 

pH 7.5-8.0(5°C, 16 hr) 



(Fig. 1) 



below 37° C (pH 7.5,30min.) 
(Table!) 



(Fig. 2) 
"(Fig. 3) 
(Fig. 4) 
(Fig. 5) 



3 APPLICATIONS 

The enzyme is useful for enzymatic determination of creatine and creatinine by coupling with sarcosine 
dehydrogenase (or sarcosine oxidase) and formaldehyde dehydrogenase in clinical analysis. 4 ' 
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E ASSAY 



Principle: 

Creatine + H 2 0 cr ^ ne amidinohydrolase „ + Urea 

Urea + 2 (CH 3 ) 3 N-Q- CHO : H(CH 3 h N-O" c=sN ? a CO + 2H 2 0 

The appearance of yellow dye formed by condensation of urea and p-dimethylaminobenzaldehyde (DAB) (Ehrlich 
reaction) is measured at 435nm by spectrophotometry. 

Unit definition: 

One unit causes the formation of one micromole of yellow dye per minute under the conditions described below. 
Method: 
Reagents 

A. Creatine solution : 0.1 M [1,499 creatine (MerckJ/IOOml of 50 mM phosphate buffer, pH7.5] (Prepare 

freshly) 

B. DAB solution : Dissolve 2.0 g of DAB in 100 ml of dimethylsulf oxide and, to this solution, add 1 5 ml of 

cone. HCI solution. 

C. Enzyme diluent : 50 mM phosphate buffer, pH 7,5 

Procedure 

1. Pipette 0.9 ml of the substrate solution (A) into. a test tube and equili- 
brate at 37°C for about 5 minutes. 

2. Add 0.1 ml of the enzyme solution* and mix. 

3. After exactly 1 O.minutes at 37°C, add 2.0 ml of DAB solution (B) to stop the reaction. 
'4. Incubate at 25°C for 20 minutes. 

5. Measure the optical density at 435 nm against water (OD test). 

At the same time, prepare the blank by first mixing the substrate solution with 2.0 ml of DAB solution after 
10 min-incubation at 37°C t followed by addition of the enzyme solution, and carry out the same procedure 
as test (procedure 4 and 5) (OD blank). 



Concentration in assay mixture 


Phosphate buffer 
Creatine 


50 mM 
90 mM 



* Dissolve the enzyme preparation in ice-cold enzyme diluent (C) and dilute to2.0-3.0U/ml with the same buf- 
ber, immediately before assay. 

Calculation 

Activity can be calculated by using the following formula: 

Volume activity (U/ml) = A0D (OD test - OD blank) x Vt x df 

0.321 x 1.0 x tx Vs 

= AOD x 9.35 x df 
Weight activity (U/mg) = (U/ml) x 1/C 



1 

1 

t 


Vt 


: Total volume (3.0 ml) 


Vs 


: Sample volume (0.1 ml) 




0.321 


: Millimolar extinction coefficient of yellow dye (cm 2 /micromole) 




1J)_ 


: _Light_pa.th..length..(cm)._ - — ■ ■— ^ — 


] 


t 


: Reaction time (10 minutes) 


i 


df 


: Dilution factor 




C . 


Enzyme concentration in dissolution (c mg/ml) 



i 
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Table 1. Effect f Various Metals [The enzyme dissolved in 50mM phosphate buffer, pH 7.5 was incubated 
at 25 C for 30 minutes with various metals (final concn : 0.2 mM)] 



Metals 


Residual activity 


Metals 


Residual flrtii/itx/ 


None 


100 % 


MgCb 


OU.O A) 


FeS04 


91.2 


NiCfa 


l.o 


HgCIa 


0 


C0SO4 


39.9 


ZnAc2 


5.3 


BaCh 


947 


CuAc2 


0 


PbAca 


■ 83.8 


CaAca 


61.8 


AgNOa 


0 


MnCIa 


94.7 


CdCIa 


9.2 



Ac : CH3 COO 




.2 4 6 8 10 12 

Period (month) 

Fig. 1. Stability (Powdar form) 
[kept under dryness] 




Fig. 2, pH-Activity 
'37^3, lOmin-reaction in 50mM 
buffer solutfon: pH 3.5, acetate; . 
p HO. 0-8.0, phosphate; pH8.S- 9.0 , 
carbonate 




20 30 40 SO 

Temperature "C 

Fig. 3. Temperature activity 
flOmin- reaction in 50mM] 
{phosphate buffer, pH7.4 J 



100 



I 



PH 

. Fig. 4. pH-Stability 

'5*0 16 hr- treatment with 50 mM 

buffer solution: pH 5.5. 

acetate; pH6.0-8.0. phosphate; 
k pH 8.5- &.0, carbonate. 
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0 20 30 -40 SO 
Temperature *C 



Fig. 5, Thermal stability 
f30min -treatment with T 
7.4 J 



[50mM phosphate buffer. pH7.< 
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■Stt«£Ss (Japanese) ■ 



Creatine + H a Q^'^^™~- .Sarcosine-|-Urea 
Urea+2 (CH a ) a N-f> CHO_C(CH a ) a NHf\ 
-C«N) a CO-f2H a O W 

U £££5£tf> p- v> ^ut* $ y acv xi 7 )^ 
*F(DAB)£<r>ffi£ (EhrfichJEfl?) (ft 

.2. x« 

^«£fe#r*i*s555i±a 1 mm <u) tr«, 

3. 

A- 0.1M?U7**Vj«* [1.49gO^U^V ( 
Merck SSI) € 50mM y VRflffX pH 7.5 IZ» 

t Kft 1 0Omg CO 5/ jc ^ ^ i/ k tc?g 
»**jfc«* attBl5mCft£n*.e) 
SWiSM : &aa&&7fe*k;<£ls&50mM y > 
»««*,pH7.5>»»U t 
i=raa«5ftT2,0^*3.0U/m«lC#«?r 



1- M^(C»«>S>&(A)0.9m2€^j t 37^?^ 

3. 37"t3rjEaciO»BJKia5*-&fc«*DAB»» 
(B) 2 . Omfi * * Q A T JSJfc S^ik $ * 5 e 

4. 25 "C T 20«ff|ttaa,435nm^43(t9 &&&J®$ 

wae.-r* (oDtest) 0 

5. «a»aa>S}ft (A)0.9m<«37lC?10^|Qfit 
3^,DAB?g^(B)2.0m2£;tajtT>&*aL, & 

■anisic ?2o#raa*ai* «*a taser * 

(ODb(ank) e 



(toyobo) 



u/me= 



AOD (ODtest- ODblank? X 3.0 W X#W&» 
5 0-321X1.0X10(0) X0.1(nl) 
= ^OD X 9 .'35 X * W&Sfc 
U/mg«U/mgxr/C 

0.321 : m&&m<n $ y ^nM^mBww* 

(crrf/micromole) 
1.0:3fcaa(cm) 

C : iM^BHHtt (o mg/nU!) 
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(ouIntCI. 


C12N 


15/09 






C07H 


21/04 






C12N 


1/21 






C12N 


9/80 






//(C12N 


15/09 






C12R 


1:06 


) 




(C12N 


1/21 






C12R 


1:19 


) 
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9/80 






C12R 


1:06 


) 




(C12N 


9/80 






C12R 


1:19 
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(21 )Application number : 09-021 382 (71 Applicant : TOYOBO CO LTD 

(22)Date of filing : 04.02.1 997 (72)Inventor : TODA ATSUSHI 

NBSHIYA YOSHIAKI 
KAWAMURA YOSHIHISA 



(54) NEW CREATINE AMIDINOHYDROLASE 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain the subject new 
enzyme, comprising a creatine amidinohydrolase capable 
of decomposing creatine into sarcosine and urea in the 
presence of water, available in a large amount in high 
purity according to a genetic engineering technique and 
useful for determination, etc., of creatine and creatinine. 
SOLUTION: This creatine amidinohydrolase has actions 
on creatine in the presence of water and production of 
sarcosine and urea, about 7.0-8.5 optimum pH, is stable 
^t^bout^<40 o " CXBy^treatmen 
has the pH stability of about 5.0-9.0 (by treatment at 
25° C for 1 6hr), about 46mM value of Km for the 
creatine and a molecular weight of about 50,000 
[measured by a sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE)], 47,146 (a calculated 
value from the amino acid composition) and about 78,000 
(measured by a gel filtration) and further about 4.3 JK-^^^^^^^^jj.v ■,.;»■ >*;>\ 

isoelectric point and is represented by the formula. The ^.-i^ i'^^^-S^'V ■ 1^ ^ / 
creatine amidinohydrolase is usedforthe determination, - 

etc., of the creatine and creatinine. The enzyme is obtained by expressing a gene cloned from a 
chromosomal DNA of Arthrobacter sp. TE1 826. 
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Claim 1 (page 2, left column, lines 2-15) 

Claim 1. A novel creatine amidinohydrolase having the following 
physicochemical properties: 

Action: acting on creatine in the presence of water to produce sarcosi 
and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 



page 3, left column, lines 2-12 
[0005] 

[means of solving the problem] The present inventors have investigated 
variously in an attempt to solve the above object, and selected 
Arthrobacter sp. TE1826 (FERM P-10637) as a creatine 

amidinohydrolase-producing- bacterid 

creatine amidinohydrolase from said bacterial strain. Additionally, 
the present inventors have isolated a recombinant creatine 
amidinohydrolase expressed from a gene encoding a creatine 
amidinohydorlase by successively separating said gene from chromosomal 
DNA extructed from said bacterial strain. 



page 3, left column, lines 17-30 

[0006] Accordingly, the present invention relates to a novel creatine 
amidinohydrolase having th following physicochemical properties: 
Action: acting on creatine in the presence of water to produce sarcosine 



1 



and urea 

Optimal t mperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 

page 5, right column, lines 25-38 

[0030] The creatine amidinohydrolase of the present invention has th 
following physicochemical properties: 

Action: acting on creatine in the presence of water to produce sarcosim 
and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

.... about 7 8 ,-000 (gel- filtration) 

Isoelectric point: about 4.3 
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(54) bsw©**] SffS^vy^vys^/tHo?— «? 



(57) <«£IE«) 

8. 5. 4 OWF. pH££tt#j5. 0~ 




- as 22 32 SS 

i § 9 b i 



(2) 



(MSB 1 ] TEafl#flWfe»**r*ff*Kc* UT ' 

SMfttttKOT: 

E8pH : #J7. 0~8. 5 

«Bc3ett:»4 0X!eiT <pH7. 5. 3o#ia*&g) 

pH£5£tt:ffj5. 0-9. 0 (25'C. 1 6B#ftfl& 

S) 

i» UTf- > {C*tr 4 Kmffi : ift4 6mM 
£?S:ft5 0. 0 00 (SDS-PAGE) 
4 7. 1 46 (7 5 >flftBAd>6*a!>fclf*ff ) 
#37 8, 0 0 0 (^JMttl) 

%%£:fo4. 3 
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[SSJJS52 3 «T© (a)XB (b) <D3r>/<*Hr ■ 
&*i'U75 1 >73S'-/b e. 

( a ) eftftOERHP? 1 iCf2*S<*ti37 5 ygSBUfe 
6ft£*>A*|f. 

(b) 75 sm&\ (a) (C*H»-C. ltlAtitHK® 20 

7 5 a&*> l < tmtnz n/c7 s ^®i35>j 

[MM&9I4 J «T© (a)XB(b) © jr^fUr 

( a ) fB?lJil©E5lJ## 1 {CEtt S ft S 7 5 ^KEN* 30 

(b> 7 3^WBW <a) fc*t»T» 1*>L<»8WI© 
_7 S^BW^^«fcVLX«*HDS.tite.r.3vBttS»l— 

[ISJjag 5 ] I2?iJg|©iH?iJ## 1 Kf2t83 n* 7 5^ 

i!i29>j* 6 ft a * > /< * ■& * b 7 * > r s v> j t 

F n 5 — fef 4 3 - F f S MBrf . 
ItWXQ] OTO(c), (d) gfct* <e) ©D 
NAfrfcftSi'L^^^Si/^b Fn5~fe'£3- F 40 

( c ) WMDmm*2 icflxlM S t~i S&SIBfiJA 5 6 D 
NA 

( d ) ±12 ( c ) <DigggB?ijCCfcl>T . 1 t> b < tttHR 
OttlWWlH. K&gfcfcta&SftTteO. fro, *u 
7? >7 5 b FU5— WStt«W*7 5 ^®I2?iJ 
ia-FLTHSDNA 

( e ) ±12 ( c ) ©«®IB?iJ^6.ft5 D N A F 0 > 
2>x>h&*ff"FC>W:/';*V:*U *>o, *U7^ 

>7sy^t fo5— tfj£tt**r«* >/<*k*3- so 



10-257890 

2 

K"r4MBS*©DNA 

CI»#B7J |ft#14. 5£fc«6f2i8©*U7*> 

[it#»8] M3*«7eito81&;L^?-VlB±ttn 

U7*>7 3i?>b Fa5---t*££jjX$ti\ &*U7? 
>75i?yb Fo5— tft»K-r*ct*W«fJ-4 * 
U7?>7 5iVb F05— tt©Hfi&. 
CSI*® 1 0 ] 7-*a><* *- • XX b-(Arthrob 
acter sp.)TE 1 8 2 6 (FERM P- 1 06 37) 
*U7?>7 3 J?yb Fa?— tf%4j3ES 

^fttrSf U7*>7 5 b FD7- fc?©$!B§ 

[!6W©»*fflft^] 
[000 1 ] 

U7?i>©JEfi«Cffl(,»SC<!:©t?#Si'U7?>7 5 

mnR©WH£tcn'r«. 

[0002] 

~tf (EC 3.S.3.3) » t Hffifticflg&.gL ff&AOttftr 

©tiUJiftoTt,^^*©? U73=->fc<fctf* U7* 
-^OfflBefHBSRiOT. fl&©»JR, WUi#b7*.=. 
>7 5 Fb Fn-5—tf. Ifrto J/ tffcit; 

5y/bKa7-^», *©#&T(C*l'7?:/iCflU8 

-■c*-*.-- — 

[0 003] C©«fc^ft^U75 L >75^>'b FO7- 
■tfte. ^ji>-F*^"X^ (Journalof Biochenristry, Vo 
1.79, 1381-1383 (1976) ) W*><*Ml<*JB 
B361-17465) ^©*fflii*12ES-r 4 C 4 *lfcl 6 nT I » 4 . 

P3BS51-11884^fifB) . 7JH7';y**JS, ^it"J«> 
AM (^g§B847-43281#^«) ft £*©|fflffl#*ne>ftTt,> 
StCflSfft^. 
[0 004] 

vic^mbr^Kt^mb^m^tfth, ff^ft»u7^> 
r?y>»t FB5— emmb. *bx. ihhk«3- 

^©^ijftsww, «jie^*3iaEr*ciKj:o. a 

fb*flW4«©3Wl3 n/cgf«ft * U75 i >7Si/>'b F 



(3) 



[0 00 5] 

£- CArthrobacter sp.)T E 1 8 2 6 ( F E RM P - 

10637) aatsttp^fHBft* ur?>rs 

i» t FP7- fe?£*8tU 3*>tc\ SM^OftHfJL 
fc^feftDNArt^l^^^Si/yb Fn^~fe?£ 
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CO 00 6] fttto*. *»HttTe»fc*ttttB**f 

SiifiS :#H0*C 

SSpH : #J7. 0~8. 5 

«ef3ett:»4 0"C«T <PH7. 5. 3 OftRBMS) 

pH££f£:#j5. 0~9. 0 (25*0. 1 6l$n£ 

S) 

^U75=->tC*t-r4Km«i:^4 6mM 
ft?fi:tt5 0. 000 (SDS-PAGE) 
4 7, 1 46 (TZSWMtffrhilQbiamU) 

mi 8. 0 00 (>?)U®M) 

9^ : #J4^3 



20 



[0007] *fc. *«fltterr© (a) x« <b> © 

( a ) &ym<omm^ 1 Kfa*B3*i*7 s ^ira* 

^ftS^'t^B. 

(b) T5^®[|g?IJ (a) Kfe^T 1 &0<Bffi$fc©7 
#***>/<*B 

[0008] ^fHUB. «TO (a) X« (b) ©ffljft 40 
*£»'C£f?-C&£>4'l/7^>7Sy>'b FP5-— 1?£ 

( a ) EyiM©IS5>J#-Et 1 itfB$;*ftS7 5 sW®P\1j> 

(b) 75^KIE5>J (a) (eft,*?. 1 6 b < liB&O 

7 5 a t < Bftjra;**ifc7 s vasal 

frfc&O. fro, {»U7^>7 3^>'fc FO-5— fefrStfe 

[0009]$fe < *»«TO(c), (d) Sfc 
B (e) ©DNA3&»6iQ;5f U7^>7SS?yt Kn 7 50 



30 1$J 
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4 

FT5»G^-C*S. 

(c ) E^B®E*lft#2<C£tt3ti££jH&U*>6& 

*DNA 

( d ) JJB ( c ) ©tt3HEW«ci5l,vt:. 1 t b < BffiS 

7?>7 Fa 5— tfjStt*#T47 3 

*3-FL/n>5DNA 

(e) JJB (c) OHE^6iS5DNAiX[-'J> 

>7 3^V t FP7- =1- 
FT**IBSfi&*©DNA 

[0010] *^Bifa^U7?>73^yt K07 

— ft 

[0 0 1 1 3 *mmt±Mi ffikX.'i 9 --cm^M 

[0 0 1 2 3 3 6fc. #2feBJtt±gajfcSfEfcft*ig# 
U fU75 L >73y^t Fd7— tf«£j!t3-tt. Wi* 

[0 0 l 3 ] ttc> *9mtr-xxirtir* - - x*b 

-CArthrobacter sp.)TE 1 8 2 6 ( F E RM P - 1 
0637) *8BU 9l>7f->7$l>St 
€±JS3it. Kd»UT^>7 3y-/bF0 5— 
■r*Ct*fl«R4 , r*i'U77 t >T5y-/fc Fa? — fef 

[00 14] 

[»W©l£5tt8t»] *»5i©» U7^>7 s y/t Fa 

5-«tt, *l>7*>73yvb KD7- tf£jgSft£ 

Wtf.tf7-*a><*i»- • i^f- CArthrobacter 
sp.)TE 1 826 (FERM P - 1 0 6 3 7 ) #><E>A 

— *a- FT * ae^F =&7>St L . C ft-<M 26Si3*i * 
*U7*>73y->t FB5-«*tt5Ci(CJ: 
•3. *«^©*U79 1 >7 3y>'b Fa?- fe'fclgffi. 
»-3$tfftKA#?&C&6'C&&. *^BJ©-HifiSS 
«££ ltd, ( a ) IB?iM©ie5iJ#^ 1 (Cfiltt3ti*7 
3 yKBHIiitetci * >'t?B2fc» ( b ) 7 3 v®ffi 
5>J ( a ) tc*t>T . 1 6 V< «ffi£fc©7 3 sWflX&t 
B«fcO<tttf»nS*ifcT5V«EWa»&fc»>. fro. 
^U7'7 t >7 3i?>'b FO -5 ~tfr£tt J &W - f£ 

7 3 y^©^*. Bit. {^©gaK-oc^-c 
B. 2S*Wtt1*ttft*{fc3S«Ci«c<. *5l»tt*© 
!|$t44Sc#TSJ:5{c0fcfc©=£:#tr o C*a6©^Sft 

[0 0 1 5 3 *^W©i'U7^>73> ! >'b F07-¥ 

tT- CArthrobacter sp.)TE 1 8 26 (FERM P - 
1 0 6 3 7) *>6«iaitTfca< . SS/dfc^ttK^JdcT 



(4) <®ffl¥ 10-257890 

5 6 
(PCR)©WfflK«fc«3 < ZVTf-yTZVSt F05— gS^? U>^UJ*Mll©J; 5 ^aw^^iSiffl 

[00 1 6 ] Jzf2il£^4 LT«. WZH> (a)ieyij [0 0 2 0 ] t ©<fc 5(CLT£P,ftfcM2!&>6DNA 

«©iB5iJ#^i cti2tS3*x*7s yi»a>?>fcS*> • ««rs«:tt. flaffifcfiCor, m*.&vxs- 

'<*a*3-F-r*DNA. *fctt (b> ts^bikw *«a*^n^r— ewiKjisiiMiaBio. »./#* 

\sT^Tzvy\z)ruz>-mmm-tz>*y>^m. nffi-mmztitcDNAzm-rzumt. m«. & 

*3-K"T*DNA*»*4. DNA©^. SB*, ftfti Sftfea. ^»*«S&4-KJ:0fT$C4!&iT*S. 

*4*ttKfi£9. tCif^U#£:7 7--y$/cB:/5X3 Ffefejt&TIEIfe 

[0017] Jfctt, (c) f&l£©KRHHI2(ceit *JB4Lr*»3*lfcfe©!WaLr(,>S. 7t-5*4L 

$tii>t&mm\frtiQNA> (d) (c)©ttSGffl(C TB. x->*yb7- a (Escherichia co 

1 6 L < UttfflOttSftSftftl. **SfcUB»3 11) *«£»B»4f S«tetCtt. Lambda-gao . Lamb 

n-CfcO, *>o^UT^>T?yyfc FO^— B^Sttt dEHJtll ft&WtfflT**. ttcVy^S. F40TB. 

*r*T3^BIKfUft=i-Fl/ri»*DNA*fctt W*«xj/* y bT • 3 y- (Escherichia coll) 4m 

(e) (e)©fflHEW*6at«DNAAXhy>^* iaffi&4T**te«:tt. p BR 3 2 2. p UC 1 9. 
>htt*frTP^-f^y^XL. *>-o. *U7?>7 20 pBluescript. pLED-Ml (Journal of Fermentati 

$i>S\i Fa-5-H2*gtt5r#-r5*>^ - ^M*3-FT on and Bioenzineerinq, Vol.76, 265-269 (1993))ft4' 

Sttft&XODNAtf'ftS. CCT, aM;>i>,>h *Jffiffl-C#4. t©<fc Sfc'** ±iBl,fc*U7 

Wfrittx2SSC OOOmM NaCl, 30m f >7Sf>t KB5-tflfifftWe*4|ffifcD 

M *x>®) . 6 5'C. leiSmr**. NA©^fc«Mbfcltm^r^LT***HI^ 

[0018] **HJ©jt£?*ff&«&4 LTtt. m *»*C 4**T»*#. !&rt/6ltiK£ftDNA©ttmr 

«. r-^o^4»ir- • i*e-(Arthrobacter spot icfcmutcfflmmmtm-mmmmzm^z&mtK 

E 1 82 6 (FERM P - 1 0 6 3 7 ) ©SSfe&DN ^ «fe«DNAKtf4*<*if--DNA|«t4*«&3 

A*#at. iwssofcfi, MMMtfeas* &a©DNAy#-€*ffli>s£a-ca>ti 

-4*WDNAO¥»*li*fcttttlt*«iK*«,>rDN 30 &Jr©&«^4©7--y;/y©f& > fcSftDNA V 

A') if- H & 4'K J: »j ttdHM 3 ttTfflfc A * * - £ «©ttfflcc J; 0 flk£« DNA»r)r4«**-DNA 

C^LTfffentolMftA^^-ttlMpaiB K#4©«Sl*^**-*fl5srj-4. 

A^^!©K^A.U/ca._^5.^ri©_-?ri*jri4^ -y-^O^.-S^SS&^tC^A-^-^^ODN-A-y-^- 

ffitt©»**««4LT**y-.=.>jf(,-c. *U7* — StlOTWiaiil^jrir-tffifiWiCifeTtS. 

>7 3i?yt FB7- tf*3-FT*Jte?-*^r«i C0 02 2]S^fcaWtbrtt. aft*.***-** 

-Wt^**-£<mT3$&$£f#£,, 2a>-CKf*£ *^SftttOTffir*3|^&?©^M-?&S 

»**S*U tt>^titt*6gfcK%*.'<<* • *>©ra*i«l|< . -MWKttxj/* y ty • 3 y-tc 

WKU K8**.'<**-*»6*U7*>7 5yybF no. x^* y tr • ay-osoa xi/*yt7.=iy 

a^—fefjtfe^^U-rtlti^. -HB101 . IJ/x'Jt7 • 3'J-3Hn09 &4"£flJi>SC 

[0 0 1 9] ££?ft#pjr?&sr--.xart?jr---x 40 4tf?*£. 

^b--(Arthrobacter sp.)TE 1 8 2 6 (F ERM P [0 023] 

-1 0 6 3 7) <Dm&m NAB. J*f*»fctt. OT© £4 LTB. WUXB^ffiltoJx j>* y b 7 • 3 y - 

Mb. &tvccft£i§®3tfSC4(U:9i'U7*>7 [0 0 2 4] C©J:5(CLTf#6ftfc^Jffg&f*-e&.£ 

3 i^y b F n5-*ae*©^ifflWi*raw-* C 4 »t>B. !£»gittTig#$ft.5 C 4(cj: g , £fi©* 

?§ffl©?3^4LT{i. 'j'/f-A^ U7f>7 5'^fc F05— tf«5@g(C£jB(y9-&. S 

fl-^*^--^Sf©afflra8RKJ:0«iffl36*ttSti. i2> ^£^©SW;i&*^**-©&A©WMc-X>T 

SKfECT^P^— fe'^flfe©®s^5>>y;W5gKt F ©SW«. BW4r4DNA*fifiP1-5'<*4i-©JBH 

y^A (sds ) moRmmmiifi&msti. zzicmm 50 Httv-^-t^uT^rsyyt F05— tfjsat* 



[ 0 0 2 5 ] ±mOUmiC J: O^^.hfci' U7* >7 5 
i^fc Fa?- <f®e^©*Si2^J»-!f^x>^ (scie 
nee, Vbl.214, 1205-1210 (1981)) ICttfUZtltcisft 

- H2©r s smmntwg. utd&m&u: o «5£ bit. 
n5- tgt&?€fiBr-*-«tti!fc*.'<**~B. j&f¥g& 

^■?>PCR(a'li'U7f>7Sy>'t Kn^—ejt 
e^-C^SDNA^iailXL, flfe©^*-»rJt£*££;* 

[oo26] Kiim&^&zmm&wvmmim 
ft«<fc<. or. ^©w^Bifcttdgii-cfT^ in 

S£t/CB. $£^©^&CSSffll>6*l*fc©*nA< 
i>\--7,. vrt/f--;*, F-*. e;l/t> 

^b^jt?*ti«<t< > mm 

v^i^A. fj^'y^K^ rt'J^A. v>#>. 

£'©£$. *$£©7 5 yf, #s©fcrf 5 >ft f 

JIU# 'J t T 3'J -©Jg£. L < B 

2 0~4 2-CggT?£>S„ SS^raa^fftCi-^-C^ 
Jb7f>75y/t HP?- VtfMMW.m 

<fc<. jimJ6-4 8B^ISSr*5. igtfcpHBBtf 
ISWU fU7?>7Sy^ t FP5- fe'fc&g-rStB 

fflr. ®a^|g l < « p H 6 . o- 
9. ogg-c**. 

[0 02 7] ^m}fpO^U7^>7iiyyt Y'Vv- 

^m.tmw^tsmmm.^<o^msLb. mm 

i§'Mr8S& £'£<£*), i>U7?>7Si^t Fa 

2U7*>7$>^b Fa?- et>m&f*i( l c&&T 



C5) ftRW 10-257890 

8 

[0 02 8] C©<fc5«:LTf#6ftfc*U7?>7$y 
✓ t F a 7 — tr #*r?§?fc£ . 09 A BgSffi&JS. Jiigfi, 
EKSS^^-^A. ism? F y5Afc£*©i6ffM 

a. ^B^ttwi&m p«Atfy*>-Jk 

io 7-b.F>?ci*(cJ:i^ija:«i(cj;0tW#La) 

[ 0 0 2 9 ] fc7y?****(SephadeOG-25 
(7 7*7^7 *U*f-ir) J&i'Cci^y^^ii. de 

AE-fe^r a-XCL-6B (7 7^7^7 >*4*T>7) , 
20 ^fWt77 P-^CL6-B (7?A7->7 ^-<^y- 

^cKXSDS-PAGE)^^, {J{S#-©^'> F£^f gate 



30 



[0 03 0] *^W©^U75 : ->7 5^>'t Fa 5— fe? 

: &4 0*C 
:«*)7. 0~8. 5 

: $}4 0-CJMT (pH7. 5:307>Hiira) 



pH^fet^S. 0~9. 0 (2 5'C> l6Effflm 



U79 L >(c>Pt-rSKmffl : ifo4 6 mM 

i^5 0. 000 (SDS-PAGE) 
47, 1 4 6 (TZSWMl&frhX&tcfr&ffl 
*57 8, 0 0 0 (-7\>M8ji) 
#^:*tj4. 3 



[0 03 1 ] *^i©i'U7?>7Sy>t Fa 5— fcf 
40 i^©i?U75 c >7 5^>'t Fa^-- fe'i©ttg©J;k 
tS^^HCj^-r. Sfc, *«BJ©i'L'7?->7 5i?>'t 
Fa 7— tz©7 s sm&}t2:*arCih&> Y^-fz. 
• ( Pseudanonas putida) fflB£.?i> >? U7?> 

75 t Fn5— fe*©7 5 >Kie5iJ<!:©tBTO3:. 6 
3.4%r* 0 , W#©iblS4@ l fc^-r. *^©>? u 

7^>75^^t Fo5— kb. m-ste^MiS-rs^ 

»©lE^i BttH©^%4ilr«&i^T* S„ 
[0032] 



(6) 



9 





Arthrobacter sp. 
TB1826 


Pseudoionas putida 
var.naraensis C-83 


Bacillus sp. B-G618 






- 


4 0'C 




7. 0-8. 5 


8. 0 


7. 5-9. 0 




4 OtJKT 
(pll7.5, 30^Rfl) 


4 5*CE(T 
(PH7.4. 30#U) 


4 OIC^T 

(pH7.5. mm 




5. 0 — 9. 0 


6. 0-8. 0 


6. 0-9. 0 




A fi 
* 0 








50, 000 
(SDS-PACB) 
2 


47.000 
(SOS-PAGR) 
2 






4. 3 


4. 7 


4. 9 



55,OOOrpm . 2 0B3IHI©®jftl>#Rtt?DN A*#RL 
fc. #H*l<fcDNAttlmM E DT A£&A,ft: 1 O m 
Mf-'jxm P H8. 0«S«(«T. TE4BSie)T 

20 ;ua • 7 x s-*mtKicm&4taMicJ: 

gDNA£#8SU 2 m 1 ©TET®||?Uc. 
[0 03 6] mmmZ i>V79^>7%V>;\L*Klv 
— fe'£3- KTSite^Sr^WTSDNA&tt&tf&D 
N A Siffl&;L^ * * -(DM 

1 TfiWc D N A 5 u g «MR9f9R Sau3AI (jftft 
tt«> "C»»#»U 2 k b pfcLtCiKJtteftjgOfc 

9l ummm &mhi (nmm) vwmitc. pBiuescn 

ptKS(+) 1 /i«4*T4-D"NAyX/— (JIHWWH) 
7 a C-CSlD?:rateO. 4#fH£l£Stffcf£. 5 0 0nm 30 l*ttr. 16-C, ^f^WStSS^. DNA*a*SL 

i ©oumft«ft*JWKTffl fc. »st,fcDNAttxi/* y t r ■ a y -jmios ©3 
. jcffltp^fiCE, _B«{oibififlBE(t*.aBi3-*.. ±te& T-?-u7-$-*s.s-t-?u5 - vftmmmmom-i 1-0% 

ft"Cl»flBKlV-fjrp*A©-!fA3J/>*flfeja-raB #y^l->. O.S«*X*;i. 0.5XNaCl . l»^|/7 

&S£l|i{i (U)£T£. 5=->. 10U/m11f;U3'»3f-+^y— (^^) , 5U 

CO 0 3 5 ] Sl^L &fe<*DNA©#gf /ml^U**^-*? (X$f$K) . 0.O1* 0-V7- 

7-*P^*2--xxe-TE 1 826 (FERM 5/5». 50*ic|/ml7>tfS".J >, 1. 55*35 ] KiWil, 

P- 1 0 637)©Jfte#DNA*»©3Erft"C»liL fc. JU7?>7Sy/ 1 YUv— tfffitt®tttlj« t ± 

fc. IBHM**1 0 0m l©2XYTiGFJS (l.eKtfy^ B8«K&WU *>-33Kfa«:»tS3tift3Di-*«il 

fllWftX**. 0.5xSft^hy'5A(pH7.2))t , 3 40 Kffofc. 

7-CT, -®mm&mLtd& jtifcAft (S.OOOrpm. 10 [0 037] te/BUfcDNA 1 u s^fcO^lDO.OOO ffl 

#R3) K J 1 5raM*x>g$*hy^. 0»«Bftft©aoi-3W»6ti. ±iBXf;-x>^ 

o. i5MWfc^hy>A«s^««-ci[»*iiK»L ©MS. 3KffMc»asn*3os-tn*tjs(,»^u 

fc«. 2 OXi/a-i'n-*, 50mMhyxttBI (p fc. C©l**LB«fl^ <i*i< o.5*g?S 

H7. 6), ImM EDTA£^A,fc'ig$5m IKS x*x, 0.556 Nad . 50a g/ml7 >) rlg^ 

SO. lm I©y»«/^-A«iR (aDOnq/hl) *flI*T. U 9U7?>7S3^k Fa5--tfi£ttgffl£{sfc& 

3 7-C, 3 0#RHffllU ^"Cl lml ©1X930 c*. eStt#&tti 3 ftfc. C©flc©fiSrrS79* 5 

-fJHttU3i/>«. 0. 1 ME DTA (p H 9. 6)% FKttj&e. 6 k b p©#ADN ABfrK-##&OT:te 

#tf^€:Jnifc. C©Him[K||fi:x^$;3A«ffi% 0. C©?7*5 KfcpCNABliLfc. 
0. 5%S{fc-fcr>$A£fal 00%JJDA. fltfMdU 50 [0 038];Xfc»rpCNABl©*ADNA*MM* 



[0 033] 

[XJfcM] WT. *A9I*mflf<C£9JlttttK:i!ii!l!-f 

0. 3M HEPES pH7. 6 

1. 8% fl>7*> 
0. 0 15% 7* 

0. 0 0 5% 4-7 5>7>^ty> 
6U/ml 1f;l/3i/>^+S/^'— 
6U/ml 

[0034] <«!&KfF> ±GK)fiStt3 m 1 4 3 7 *C 

r$5j3^»S^. 0. 1 m 1 ©gHHEffltejill*.. 3 



11 

m Apai (mmi) K-cgwHiu mmmmm-cm 

l//c pBluescriptKSCO (Cil^Cr. pCNHAA-1 
2 ICtkT. 

[0 03 9] HHW3 i&SE3»JO^S 
pCNHAA- l©ifo4. 6 kb p©»ADNAWK-(C 

^Of^^Q-^tttM^ RadioactiveSequaicin 
q Kit <£$ffi£!) *fflt»"C. £SiB?iJ&&£Uc. 91 



C7) ftR? 10-257890 
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* 7 5 ^®ie?"J*^it)P,4aS§aM©^fiiJ47,146-C 
7-Xcmi> ■ ixt'-TE 1 8 26©£U 

[0 040] ilgH «ft*t^jr-pCRHAR- 

l©f&& 

PCNHAA- l©*ADNA»rjtJ:9*l'7*>75 
y ^ b F n 7 - «jt£-H»MM>ttft£Mt < /tfe. PC R 
K-fcSJIPADNAK^O/hfflfktiaiiUfc. PCR«« 



SLA:«SiB?t|*jJ:c;7 5yKffi?y*iB5iM(c^Lft:. *io 

Pfu DNA If (X \-7*i/->m 5U/100 Atl 

lOfgfggPfij DNA 5j< y 7 ~WB'< 9 7 r - 10tf 1 /lflO U 1 

PCNHAA- 1 (HSDMA ) 0.1 Mg/UD0 Ml 

dATP.dTTP.dCTP.dCTP -So.2nW 

28(0^7^^- § 1<iM 
(E5>M©1B?IJ##3. 4tCieiS) 



[0 04 1] 



9 5°C, 3 0#ffl 
l#3 0#ffl 
4 5'C, i#m 

7 5 -a 2^3 oim 

lfMB 



20 



(±K1M f)Vi^n3 o 9)i>m&) 
[0 04 2] JMDNAKKttl. 2kbp%, 
£ EcaRTCtfJBfrLfc pBluescript SKC-){CjlifeUrpC 
RHAR-14Ml,fc. pCRHAR- 1©$UEP^ 
itt®403fC^f. PCRHARA- l<0#ADNA»r 
tttt. *U7^>7SS^b Fa7-#a£*KW©g|J 30 

[oo4 3]giM5_ mm»m>mi 



t&K) £p CRHAR- 1 "tJJMHHRU JKOTSftftx 
isx. 'jb7 • nV-3M109(pCRHAR-l) 

[0044] ^;65ffi)6 x->x yt7-3 -jmk»(pc 

RHAR-l) frt>®>;i,79>7S.i?SZ Ka-7— ^OUIjg 
LB^5 0 0ml42L77^nKMl/, 121 

•a i5»im*-nru r ^*m>. m «t 

Sf6jSL/ft:5 0mg/'m 1 7>b*t/'J> (tiJvJf-X 
f«> 0. 5ml««ftILft:. CO^fJftCCL B^Jftr* 
3 0'C. 7WflB«MMI0fcxj/xybr • 

3 y -3NU09(pCRmR-l) ©fg#?£5 m 1 fcJgfflU 3 7 

•ce i mwmmmmmuc. izmmmo* U7? 

>7 b mmms U/mlU-^fc. 

[0045] ±GBtt*a<Ci>ftlt<C'C£ttU 2 0 mM 

v>$mm®, pH7. stcan^. ±Eattan« 



40 



(Sephadex) C-25 (7rJl'V^7 ^V^f-^) &Cj:S 
*%5iiR:J:»)JKttU DEAEfe 7tD — XCL-6B (7 7 

2) Uv&vv.WV^v -f-tc£t>ftll . ff^u. fit 
$i?^g| n n n*7# fc. K#ffi(c <fcfH#€>ftfc*P7?> 
75yytFn 7 - ««AB. «I^S!jcsds-pace)6<jcc 
F4ij*U C©Bf©Jtrgt4«ifa2 1 U/ 

[0 04 6] WTic. ±M&mic<i:*)%?>htc>n>7? 
>7 3 i/ y b K a 5 — e©ttK4^T. 
fttfi: 5^7*>tC*©#:iSTfCftfflLT. if;pn-» 

ift7. 0-8. 5 

-^4-0-CW-1^(-p-H-7-.-5 -:-3-0 7>W©a-) 
pH£5£14:#j5. 0-9. 0 (2 5*C. 1 6^W^ 

a) 

i> UTfytCfttZKmm : $54 6mM 
^■:^50, 0 0 0 (SDS-PAGE) 
4 7. 1 46 (75 sWMl£tPh&lt>tcftnm) 
ift7 8, 000 (>f)lffi&) 

m&&-.m4. 3 
[QQ4 7] t&mi 



MJtpH 



50 



7-*P/<4'*- • x^b"-(Arthrobacter sp.)TE 1 
826 (FERM P - 1 0 6 3 7 ) £2 X YTigift 

A, P H7.2)(C-C. 37*C. fa 1-3 HUB, Jg«L. ^#>S 

J^T. i'U75 1 >7 5i>-/b 
tt» U7 ? >7 5 J? S b F O 7 — VZim b It, 
[0048] 

[8W©8fr£] *^{cj;ij. 7-xn/^$-| 



(8) 



13 

[0 049] 



10-257890 

14 



* §3*J#^ : 1 
i^J<Dg3 : 411 



ftft* : 7-*P^d>*- • x*b'-(Arthrobacter s 
P.) 

tfcS : TE1826 ( FERM P-10637) 



Met Gin Lys He Ttir Asp Leu Glu Arq Tlir Lys Val Leu His Asn Gly 

15 10 15 

Glu Lys Phe Lys Gly Thr Phe Ser Lys Ala Glu Met Asp Arq Arq Asn 

20 25 30 

Thr Asn Leu Arq Asn Tyr Met Ala Glu Lys Asp He Asp Ala Val Leu 

35 40 45 

Phe Thr Ser Tyr His Asn He Asn Tyr Tyr Ser Asp Phe Leu Tyr Thr 

50 55 60 

Ser Phe Asn Arq Asn Tyr Gly Leu Val Val Thr Gin Asn Lys His Val 
65 70 75 80 

Thr Val Ser Ala Asn He Asp Gly Gly Met Pro Trp Arq Arq Ser Tyr 

85 90 95 

Asp Glu Asn He Val Tyr Thr Asp Trp Arq Arq Asp Asn Tyr Phe Tyr 

100 105 110 

Ala lie Gin Lys Val Leu Glu Glu Ala Gly Val Lys Lys Ala Arq Leu 

115 120 125 

Gly He Glu Glu Asp His Val Ser He Asp Leu Leu Arq Lys Phe Ser 

130 135 140 

Asp Thr Phe Pro Asn Phe Glu Leu Val His Val Ser Gin Asp Val Met 
145 150 155 160 

Lys Gin Arq Met He Lys Ser Ala Glu Glu He Arq His He Lys Asn 
165 170 175 

„GLv_ Ala Arq II e_Al a_Asp _Ile. Gl_y_G!_y_ Tyr Al a _Val_Val Gl u_Al.a_Il.e_ 
180 185 ISO 

Gin Glu Gly Val Pro Glu Tyr Glu Val Ala Leu Ala Gly Ser Lys Ala 

195 200 205 

Met Thr Arq Glu He Ala Lys Leu Tyr Pro Gin Ser Glu Leu Arq Asp 

210 215 220 

Thr Trp Val Trp Phe Cln Ala Gly lie Asn Thr Asp Gly Ala His Ser 
225 230 235 240 

Trp Ala Thr Ser Lys Lys Val Gin Lys Gly Clu He Leu Ser Leu Asn 

245 250 255 

Thr Phe Pro Met He Ala Gly Tyr Tyr Thr Ala Leu Glu Arq Thr Leu 

260 265 270 

Phe Leu Glu Clu Val Ser Asp Ala His Leu Lys Tyr Trp Glu He Asn 

275 280 285 

Val Glu Val His Lys Arq Gly Leu Glu Leu He Lys Pro Gly Ala Val 

290 295 300 

Cys Lys Asp He Cys Ala Glu Leu Asn Glu Met Phe Arq Glu His Asp 
305 310 315 320 



o) mm¥ 1 o 

15 16 
Leu Val Lys Asn Arg Thr Phe Gly Tyr Gly His Ser Phe Gly Val Leu 

325 330 335 

Ser His Tyr Tyr Gly Arq Glu Ala Gly Leu Glu Leu Arg Glu Asp He 

340 345 350 

Asp Thr lie Leu Glu Pro Gly Met Val He Ser Met Glu Pro Met He 

355 360 365 

Leu He Pro Glu Gly Gin Pro Gly Ala Gly Gly Tyr Arg Glu His Asp 

370 375 380 

lie Leu Val He Gin Glu Asn Gly Val Val Glu Asp He Thr Gly Phe 



2 5 7 890 



385 390 395 

Pro Phe Gly Pro Glu Tyr Asn He He Lys Lys 



400 



405 



[0 05 0]EW##: 2 

S2?»J<E>ft3 : 1236 

mi 



410 

: 7-^P^?i- • xXt'-(Arthrobacter s 

P.) 

tfcS : TE1826 ( FERM P-10637 ) 



* 



ATG CM AAA ATC ACT GAT CTT GAA AGA ACA MA GTT CFG CAC AAT CGC 48 
Met Gin Lys He Thr Asp Leu Glu Arq Thr Lys Val Leu His Asn Gly 

15 10 15 

GAA AM TTT AAA GGT ACT TTC TCA AAA GCG CAA ATG GAC CGC AGG MT 96 
Clu Lys Phe Lys Gly Thr Phe Ser Lys Ala Glu Met Asp Arg Arg Asn 

20 25 30 

ACG AAC CTG CGT AAT TAC ATG GCT GAA AM GAT ATT GAC GCT GTC CTA 144 
Thr Asn Leu Arg Asn Tyr Met Ala Glu Lys Asp He Asp Ala Val Leu 

35 40 45 

TTT ACT TCT TAC CAC MT ATT MC TAT TAC AGC GAT TTC TTA TAT ACA 192 
Phe Thr Ser Tyr His Asn He Asn Tyr Tyr Ser Asp Phe Leu Tyr Thr 

50 55 60 
TCT TTT AAC AGG MT TAT GGA TTC GTT GTT ACC CAG MC AM CAC GTA 240 
Ser Phe Asn Arg Asn Tyr Gly Leu Val Val Thr Gin Asn Lys His Val 
_ 6 5 _7Q 75 80 

ACA GTT ACT GCA MC ATA GAT GGC GGG ATG CCT TGG AGA AGA AGC TAC 288 
Thr Val Ser Ala Asn He Asp Gly Gly Met Pro Trp Arg Arg Ser Tyr 

85 90 95 

GAT GM MT ATT CTA TAC ACC GAC TGG AGA AGA GAC AAC TAT TTC TAT 336 
Asp Glu Asn He Val Tyr Thr Asp Trp Arg Arg Asp Asn Tyr Phe Tyr 

100 105 110 

GCA ATT CM AM GTA CTA GM GM GCA GGA GTT AAG AM GCC CGC TTA 384 
Ala He Gin Lys Val Leu Glu Glu Ala Gly Val Lys Lys Ala Arg Leu 

115 120 125 

GGC ATT GM GAG GAC CAT GTC TCC ATC GAT CTT CTG AGA AM TTC TCA 432 
Gly He Glu Glu Asp His Val Ser He Asp Leu Leu Arg Lys Phe Ser 

130 135 140 

GAC ACA TTT CCT AAC TTT GM TTG GTT CAT GTT TCT CM GAT GTT ATG 480 
Asp Thr Phe Pro Asn Phe Glu Leu Val His Val Ser Gin Asp Val Met 
145 150 155 160 

AM CAG CGG ATG ATC AM TCT GCT GAG GM ATT AGG CAT ATA AM MT 528 
Lys Gin Arg Met He Lys Ser Ala Glu Glu He Arg His He Lys Asn 



(10) 0-2 5 7 89 0 

17 18 
165 170 175 

OCG CCA AGG ATT GCT GAC ATT GGC GGC TAC OCA GTT CTT GAA GCT ATT 576 
Cly Ala Arq lie Ala Asp He Gly Cly Tyr Ala Val Val Clu Ala He 

180 185 190 

CAA GAA GCT CTT CCC GAA TAT GAA GTA CCA CCT GGC GGC TCC AAC OCA 624 
Gin Glu Gly Val Pro Clu Tyr Glu Val Ala Leu Ala Gly Ser Lys Ala 

195 200 205 

ATG ACT CGT GAG ATT <XC AAC CTA TAT CCG CAA TCA GAG TTA AGA GAC 672 
Met Thr Arq Glu lie Ala Lys Leu Tyr Pro Gin Ser Glu Leu Arq Asp 

210 215 220 

ACT TGG GTC TGG TTC CAG GCT GCT ATT AAT ACT GAT GGA GCT CAC AQC 720 
Thr Trp Val Trp Phe Cln Ala Gly He Asn Thr Asp Gly Ala His Ser 
225 230 235 240 

TGG GCA ACC TCC AAA AAA GTA CAA AAA GCT GAA ATT CTA ACC CTC AAC 768 
Trp Ala Thr Ser Lys Lys Val Gin Lys Gly Clu He Leu Ser Leu Asn 

245 250 255 

ACA TTC CCG ATG ATT OCG GCT TAC TAC ACA GCG CTG GAA CGA ACT TTC 816 



Thr Phe Pro Met lie Ala Gly Tyr Tyr Thr Ala Leu Glu Arq Thr Leu 

260 265 270 

TTC TTA GAA GAA CTT TCT GAT GCC CAT CTA AAA TAT TGG GAA ATA AAC 864 
Phe Leu Glu Glu Val Ser Asp Ala His Leu Lys Tyr Trp Glu He Asn 

275 280 285 

GTG GAA CTT CAC AAA CCC CGT CTT CAA TTA ATT AAC CCC CCT GCA GTA 912 
Val Glu Val His Lys Arq Gly Leu Glu Leu lie Lys Pro Gly Ala Val 

290 295 300 

TUT AAG GAT ATC TCT GCT GAG TTA AAT GAA ATG TTC CGT GAG CAT GAC 960 
Cys Lys Asp lie Cys Ala Glu Leu Asn Glu Met Phe Arq Clu His Asp 
305 310 315 320 

CTG GTT AAA AAC CGG ACG TTT GGT TAT GGC CAT TCA TTC GGA CTT CTT 1008 
OOu Val Lys Asn Arq Thr Phe Gly Tyr Gly His Ser Phe Gly Val Leu 
325 330 335 

TCC._CAC_TAC -TAT_GCC CGT-GAAGCC GGC -CTT GAG- CTT-CGT-CAA. GAT ATC 1056- 

Ser His Tyr Tyr Cly Arq Glu Ala Gly Leu Glu Leu Arq Clu Asp He 

340 345 350 

GAC ACC ATT CTC GAG CCA GGT ATG GTC ATT TCA ATG GAA CCG ATG ATC 1104 
Asp Thr He Leu Clu Pro Gly Met Val lie Ser Met Glu Pro Met lie 

355 360 365 

TTC ATT CCT GAA GGA CAA COG GGA GCC GGC GGA TAC CGC CAG CAT GAT 1152 
Leu He Pro Glu Gly Gin Pro Gly Ala Gly Gly Tyr Arq Clu His Asp 

370 375 380 

ATC TTA CTG ATA CAA GW AAT GGT GTA GTT CAA GAT ATT ACT GGC TTC 1200 
lie Leu Val He Gin Clu Asn Gly Val Val Clu Asp He Thr Gly Phe 
385 390 395 400 

OCA TTT GGC CCT GAA TAT AAT ATT ATC AAA AAG TAA 1236 
Pro Phe Gly Pro Glu Tyr Asn He He Lys Lys 
405 410 
[0 05 1 ] : 3 (AOft : 

EWlOfiS : 49 r#D^- : ffl9tt£ 

K9»J©E : ffl® 50 S^J©SS : £$DNA 



<H) ft® <p 10-257890 

39 20 

m 

ACGAA GGCAC GACAT TAACG ATCCA AAAAA TCACT CATC 49 
[0052] ffi?IJ## : 4 * : 

E5>J<Dg3 : 39 Y#ai>- : flOBtt 

m<m:&® * ' is?>j©affi : ^jjgoNA 

AATGG TGAAT TACIT TTTCA TMTA TTATA TTCAC GCCC 39 
[MWVffiWmm * [02] pCNAA- 1< 

[01 ] $269§©i'l/73 i >7 5yyt KC7- VOT S. 
5^KE?>Ji->*-K*^X- (Pseudomonas pu 10 [03 ] p CR HR A - 1 <Dfflm.Wmi&m%7skT ®V$> 
tida) ifimStfrZZ 1,7*1/7 5. VSt 5. 
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P4 * ft 
h * fa 
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(54) PRODUCTION OF CREATINE AMIDINOHYDROLASE 

(57)Abstract 

PURPOSE: To provide a creatine amidlnohydrolase useful as a clinical examination agent for the 
determination of creatinine and creatine by culturing a creatine amidinohydrolase-producing 
microorganism belonging to the genus Paracoccus or Sphingobacterium. 
CONSTITUTION: This creatine amidlnohydrolase is produced by culturing a creatine 
amidinohydrolase-producing microorganism belonging to the genus Paracoccus or 
Sphingobacterium, preferably Paracoccus denitrificans UNGS AND vamabushfungsParacoccus 
alkalophilus JCM7364, Sphingobacterium multivorum TE3580, etc., in a nutrient medium and 
separating the produced enzyme from the cultured product. 
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page 5, right column, lines 8-37 

The obtained creatine amidinohydrolase showed the following properties . 

1. Following reactions were catalyzed. 

[0020] 

[chemical 1] 

creatine + H2O ~* sarcosine + urea 
[0021] 2. Km value: The Km value for creatine was about 22.8 mM. 

3. Optimal pH : The enzymatic activity in 50 mM K-phosphate buffer (pH 
6.0-8.0), 50 mM Tris-HCl buffer (pH 8.0-9.0) , and glycine-NaOH buffer 
(pH 9.0-10.5) was measured. The results are as shown in Fig. 1. The 
optimal pH was about 8.0-9.5. 

4. pH stability: The residual activity was measured after storage in 
glycine-HCl buffer (pH 2-3) , acetate buff er (pH 3-6) , K-phosphate buff er 
(pH 6-8) , Tris-HCl buffer (pH 8-9) , or glycine-NaOH buffer <pH 9-10) 
at 25°C for about 18 hr . 

5. Optimal temperature: The enzymatic activity was measured at each 
temperature. The results are as shown in Fig. 3. The optimal 
temperature was about 35-40 °C. 

6. Heat stability: The enzyme of the present invention was warmed in 
50 mM K-phosphate buffer (pH 7.5) for 30 min and the residual enzymatic 
activity was measured. The results are as shown in Fig. 4. The enzyme 
was - stabl _ e "up to~about 40°C^ . — 

7. Molecular weight: about 68,000 (gel filtration method) 

about 50,000 (SDS-PAGE) 

8. Isoelectric point: about 4 . 1 (isoelectric focusing) 
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(54) KM©**] 9V7*y7SV/M Fo*>— 



(57) 

_^fe*£SJg1-_5. 

^53?W • r^Y r'J? (para 
coccus denitrificans), ^73 • 7 •< 

7*(Paracocajs alkalophilus) Sfctt* 7 -f 

'J V A • v;l»?iff5 A (Sphinqobacteriim multivo 



(2) 
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^ur^>r^y^A^ FP5 -•#©»£&. 
[1**523 '<937#*JBK:JBU *U7*>7 5 

- <F?<1 by? jjyy* (Paracoccus den 
itrificans) $Wi^7 3-^^ . 7;U#p:7 ^ (p 
aracoccus alkalophilus) T?#>& C t ^SfciTSft* 

51ia$8©£U77 c >7S^>';W FP9— S©i8S 

a. 

[If*53] ^73?*^WCB0, ^U7*>7 5 
FP5-**£arr«^*W*a*£»#, 

•ft^fMJ7^ (Paracoccus den 

itrificans) I FO 1 4 9 0 7 ifctt^n • 7 
^#0 7 ^ 7* (Paracoccus alkalophilus) J CM7 3 

6 4 T? h * C 4 i T £fi!*5 1 IBIS© * U 7 * > 

7 5 j>>» w f p 5 - *©«att. 

[11*54] X7^>^^y£AjaK)iIU #U 

(Sphinqobacterium rnultivorum)"C*& C £ %1&Wl£? 
S»*51EISOf U7*>7 5i/y^-f FP<5 — tf© 

t*>t$*js*u FP5--tf*4ji-r*«B**#ra 

*7*>>:fyl^y$A • v;l^#3A 
(Sphinqobacterium multivorum)T E3580 (FER 
M P- 1 42 09) "C&SCi^miTSf»*51 
JEH©_2. .Ur 7 * ^7_ 5. ^vf F P 5L=L-KOHJiffi 



[000 1] 

FP7— tfoHJiffiKHTS. 

[0 00 2 ] ^U7^->te<fcc^^U7^>«iftlffiSfc 

EAffi, rattj^£*j^£^?£©Cc^CcaB 

(D^U77 c ->*5ckD : ^U7?->^5£S-rSC£^-^ 
[0003] 

[fi£*©&ffi] ^fr6*U7*>©jeK6±UT«, 
WW©£U7*>K*U7*>7 3 5^W FD7- 

^**iBWbtc^a^f8«cj:0SBSLr. WW© 
*U7*>«£aT4*ffi#*lK JWl/7^>© 



SfiaiLr^, l*W©?U7^->K£U7*-> 
75 F'W FP5 — 0*ftUB3tt, »f £*U7*> 
GC£U7*>7S^>VW FP5— fe\ 1fJl/n^>^+ 
^y-^*ftffl3#r, WW©*UT*->*5efi-J- 

[0 004] Ctl6©jeaffiCC«!HJ-rSirPT^ 

~>7S F'W FP7-Hz\ ^b7^>75^/A^f F 

i^cStrctj^ ftcc^i^^^s^y/w FP5- 

10 -bftt, S/a-F^^R 7-^Da'^J^ 

M, ^-^y^Aji, 7^>*r^£HS, 3 
flense i^$g^snrte9, -e©*©&^#>«gEcc 

[0 00 5 ] 

20 [0 00 6 ] 

y>AMK«-T5B»*s^U7?>T5^-/^-f FP5 
[0 00 7 ] -rftto%*»9!B^5=i v*XJR*fcl« 

y FP5-**^r5«^*w-r*«fe«**«eifc 

J^1»*fc*U7*>75S?y/W FP9- 
30 t£ffifit?Z9[sT*>T$issn<{ FP5~tf©H 

[0 00 8 ]*»WK«Bir5«ft*tLrtt, /^a 

».#.;*K*.&tt;*;7-*->^ 

7*>7s^;w FP7-**as-r*«wj*«T« 
fe©rAti« % ir>-rti©Btt*ffli»r<>fii^ ^739 

* T^tM h l )7 (Paracoccus denitrifican 

s) % ^73?W • 7^*07 (Paracoccus al 

kalophilus)&<fi;*s*tf6*iS. *7 a 
40 AjgKJIt- SBftiLTW:, Y>>rfy\*^f-y^A 

* vjl^sK^A (Sphinqobacterium multivorun0&£# 

[0 00 9] EfcJ:9Jff4L<tt^3*#;< • r-fj 
F y 7 y (Paracoccus denitrif leans) I FO 1 

49 0 7, A53:?^ • 7i^n7-/7^ (Paracocc 
us alkalophilus) J CM7 3 6 4, ^7^>±<*f y 
r>A • 7^fsJf5A (Sphinpobacterium multivorum)T 
E3 5 8 0tt£«s*tf8ti*. &4f % A? Altdirtt? 
y*5A • v;l/^^f^A (Sphinqobacterium multivorau 
50 m) TE3 5 8 0«, ^gmttW&Wteb±A*>*>to 



(3) 
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So 

[ooio] ( a ) mm 
( i > mm a^h 

(2) mm<D*;ZZ : 0. 5X1. 5~2. 5um 

(3) tm/D&6&\Mj 

(4) ji»tt:&t, 

(5) m^omm-.ML 

( b ) S©ttt(cij^54Wt^ 

( 1 ) ftWWJiWW&m : 3 0*C, 4 S^KJgSfa'i? io 
feOno'-^gg-rS. 3Pi-OHittig (Enti 
re) ?v^3>tt (ftilvinate) "C*5„ giffi 

ttRffi (smooth) TftiR^WU ^FSWT**. 

( 2 ) : 4»tt«irHWciMWS. 

( 3 ) mftVv+^m^m ■. *w«#a-c±gp©** 

ft (Filiform) {c£Wt£. -fe'^^aSftb&t,*. 

(4) V hv^s^* : feKStftttftn. s;U*ttM; 

(5) v^3>+-^^fft:4WbicCl>. 

( 6 ) V *i*x*A7A3-JMKflgli : 20 

[00 11] (C) £a^ffJttfl 

(1) ^A&fe1$: - flgft) 

( 2 ) fe^O^R : ff±e©feJg££/aT£o 

( 3 ) JSKSOStc : 

(4)H»g£fS: 

<5)MR^*F: 

(6) VPf^h 

(7) -(> K-JKDSEJSS : 

(8) Jffift*J&©£l>£: - 30 

(9) ?^7><DHrt&M: 



(10) Tween80O»: 

(11) ?x>&©fiJE : Koser ©gifi Christen 
sen ©igtft - 

(12) ji^a^aioipijffl : 

A + 



+ 
+ 
+ 
+ 



(13) ^UT— fef: 
(14) 

(15) #*7~fef : 
(1 6) f-i^y— fc? : 

(17) 7W->yt K5— f» : 

(18) y S?>*;l/sJJ+i/^— fe* : 

(19) fef: 

(2 0) H 'J7'h7r >f7St- tf: + 
(2 1) tf-^JU 3 + 
(2 2) ^Of-T--^ : 

(2 3) DNase: + 
(2 4) ±«<2)ttEB: 

*WHS 2 or + 
3 0"C + 
3 7"C 
4CC 
5 CC 

*WdH pH4 

PH7 + 
pH9 + 

(25) mmicmzm. •. 

(2 6) O-Ff-Xh (Hugh Leifsonffi) : O (Bit) 



(4) 
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(2 7) »^6»*«trXifX©feS 

D-^Jl^-X 
D-75*r—X 

d -■?■>- 1 — ji/ 
f J-fe'J> 



(2 8) #tSffc^)®3pJffi 

L-77try-x + 
D- v>y-^ + 

N-T-tzT-JU-D- 401/3-!?-$ > + 

eoio a 

d 1 - V > 
Jffll7*=A. 



30 



[0012] iiBffi^Wtt^^OfcaxD^f^tJ, £ 

¥£HllKfe>*- ( 1 08 5*) KJcrtf-afc. £fc 

^^•i/Xfv^yJ'w^fiJjfDy-j (19 8 
4) tiJ:a f 'f>dr-^-j/ 3 ^-jl, • ■ */ 

Zf~??v9 • ;^f'Jtny-Vo 1 . 3 3. 580 40 
( 1 9 8 3) ZmiCLtc. U±.<D%.ffite£Vmmffi)& 

*MB^ 7 -/ > 3>( 2 y 3 A ( Sphinqobacterium) |g 
Jl/^sK^A (Sphinqobacterium multivorum)K:)l5T5<!: 50 



+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 



-f v • A (sp 

hinqobacterium mu"ltivorum)T E 3 5 8 0 £4t& Ltc. 
^BBgftS^. FERM P- 1 4 20 9iLT^f£ 

[0013] *»«©B»*iari-4«:*fc,Ttt. ± 

IB* U 7 >7 3 S> > ; W F n 5 — &££tt «jRft@Jtt 

L/T.tt > _W^.«.i?;l/.3.- x % - #-V--b'a^)\,WMifitimZ 
ttS. fflRiBiLrii. Wilier >», ^i^, 

tiz. fflglfat lt«. y >g?# y 0 a. y r y 

[0014] **MHrtta*. !Sa&**&l>ttjlSUB 

»2 5~3 7*C. £#pHB#j5~9©3BB-C. ffil 
<B^6-8{cW®fS<D*JM^. Ch6£0Ki!>*frT 

[0015] ^HOIgSafg^KHttKttffiStl* 



C5) 



>*#y**UW 5 36(C«DEA 
E (yi^W^x?*) --fe^TO-^, CM (* 

-F^*JM61MK:J:»)»*{fc'CSS. s&tcoas 
fcfi«CBSE{fcL/TH£flSBft£ Lr«ffl"C^S. 
[0 0 1 6 ] #288©i£&i£{cJ:9f#6;hfc*U7?> 
T5^y^-f FP?— fe'ti. ^UT^^JCfpffiLT, If 
;l'3i/>*jJ:y^S5:4S-r'5o t©# U7^>7 5 2? 

[0017] #fc#|B!!li©*U79 1 >7 3yy.>W FP 

5-*©fgffiw@s*«r. srraMric&jNgtift <* 

U7*>£0. lM£&3«fc5{t5 0mMy>gM8« 
j& pH7. 5 {CSIHt, /<:*>©) 0. 9ml ££9, 3 
7 ■Ctrsft 5 frtffiimt i . %KM9R8tt 0 . 1ml* 

an*, sftumu 3 7 -c-ciEff&c i o^nsats* 

fc&. DABSJK<2. 0gCD^W5>"<>X7 
Jl^t F41 0 0m 1 ©yy^;^;l/**2/F{c»»S 
ttfcfil. 15ml fcflDAS. ) 2 . 0ml 

TSlfrSr^lt;*-!**. 2 5XT2 0#fiJ!fcBf& 
lesm»*Jji^^r% yoXTfrft F£J®£LT£ 
tj&bfcftfefelt (Ehr1diK££tfft) 44 2 5 n mKfc 

w**#fltcwer*. #K»smgMo . 9 m 1 * 3 

7*0*1 0»flMMHt. DAB?gfg2. OmltjWtT 
.8HP.L... -TH>T IHaS^O... -Lm-l_*.to*r BW.U-JK. 
TTO«C2 5Ttt2 0^jWfi(L KTESfcUSTS. 
±IB&#TT 1 ftfUJK P*JU©Stfefefl?££Ji5t 

■T4*ji»* i#tt (u) trs. 

[0 0 1 8 3 

mmmi 

i>U7*>l%. sJ«'J^F>196. 5 
NaClO. 5%£gfrigii& <pH7. 0) 100 
m!?:5O0iii[|fgP7 7^3{CgU 12 1X1, 1 

*X • -^tM F y 7 ^ (Paracoccus deritrifica 

ns) IFO 149 0 74— SOTIT^ffl 

e»u ®*mmt ttc -A^m^me y » f;i>* i o 
y » F;i/gyi»-7r->>*-{ci^o. i2ixm 

5iM0*-Hru-^*tft». Sfcftg. QgfiffilOO 
mlfc&U 3 0 0 r pm. a^S2 1 3 0Xir 



10 



20 



30 



7 4 9 6 1 

S 

^Bie»l/fc. eaaUKftC^KTlHlL. 5 0mM 
y >M(B$ ( p H 7 . 0 ) tcBaLfc. 

[0019] ±isM^&sm^yuy^\y^v!em 
u »c»»«t*m>. ±»«*sfc. t#6tifc*i^js 

*5££7>ffl. DEAE— fe77d-Xi'P7h^77< 

^^XG^OOCcJcS y^atc^it&tt, ftl 
8U/mgfeg! bit. |f#6nfc*U7*>7$^ r 



^U7^>CC*f-rSKmffl« 



1. TMOKfoifmblt. 
[0 02 0] 
Mfcl] 

?U7^> + H,0 VjU^v's + 
[0 02 1 ] 2. Kmfif 
4^2 2. 8mMT*ofc. 

3. SapH:50mM K - y l/WSm®. ( p H 6 . 
0~8. 0), 5 0mMh'JXttmHRiK (pH8. 0 
~9. 0). yyi/>NaOH«WK (pH9. 0-1 
0. 5) *TO*W^*WftUfc. «®ttMRUI91K 

jnfaorao-c. Uphi^s. 0-9. 5-e*-? 
fc. 

4. 35EpH: *yi/>ttiMMHK<pH2-'3) . » 
gES$S5$ (pH3~6) , K- y^MBfffi (pH6~ 
8). F yxgFJNMffift (PH8-9) . ?y&/>Na 
OH^WS (pH9~l 0) "C2 5X5, & 1 8^ra#?? 

b x zommmzmiz b &. % <D%m*m 2 k^t a 

*)?*-5t, SSpH«pH^4~1 0-C*o/c. 

5. saaa : zm&iant&mxxs&tm&uit. * 

©atntaB 3 (c^-ra "3 -c* o r > saag«ift 35- 
4o-cr*-5/c. 

as?s (pH7. 5) *-c3 07>p^«sL/fc^, nmz 
MRStt *i L. fc._-e©M*«ia 4 (ctp* a 

T, i^4 0X:S-CSS-C4.-9A:. 

7. 7>T-a : »6 8. 000 (yjujtas) 

^J5 0. 0 0 0 (SDS-PAGE) 

8. 9B£:ift4. I (gg^faOMtt) 



[0 02 2] Hte^2 

^U7^>1% % sPy^^F>l%, 5 
40 NaClO. 5%*^tp^flt (pH7. 0) 100 
m 1 45 0 0m l§gn7-7^3jc^L/. 12 1X1, 1 

• 7;U#P7 ^ 7^ (Paracoccus alkalophilus) J 
CM7 3 6 44-a^5fflBl/. 3 0*C-r^nM^IL. 

a^^jgi l/c. ^{c^igf66 y 5- i o y ^ h ;u 
gyt-7r-y>ii-K:gi/, I2rcri57>ffl* 

- V ?l>-7Zft\,\ «C^. SiSfijgl OOml^ 
L. 30 0 rpm, amft2 1/7>. 3 0X^11^ 
L-fc. e«^4^7>gi«:Taif U. 5 0 iM y 
so »j^(pH7. o) 7 u>?-7'u^x , iaii 



9 

u »&»**m>. ±mmntc nhtitcmwmw. 

«&0. 3U/mlOi'U7f>7;y>'A-/FC7- 
[0 02 3] Hi60!l3 

t>l>T*>l%> ^'J^h^l%, m&x.*ZO. 5 

H. NaClO. 5%Z£ts%m (pH7. 0) 100 
m 1 £5 0 Om 1 S£P 7-7*3 1 2 1 *C, 1 

3*-^^* • VJl/^stf^A (Sphinqobacterium multivoru 
m)TE3 5 8 0 (FERM P-14209)*-e& 10 
Mil/. 3 0-CTWSfiU W8*K&t/ft:. fcfc 

-tc&u 1 2 rcn 5^ra^--hi'u-7 , *m>. 

10 0ml **U 3 0 0 r p m, A 

«S2 i /». 3 o -c-cmmmmbtc. mm&&»&& 

MlCXMkWL. 50mMy>BNMffift (pH7. 0)<c 

[0024] tmmvmmfci? ^^i^xxam 
u s^at^m^ ±?»$*t#ft:„ f§e.*ifcfflgf?i® 

^itS^ffl. DEAE-fe77a-^J , n7K77^ 20 

7ii;H»77D-X^OVhi/77^-, t77 
*****G-2OOKJ:*yA4ji(Cj:0tttfSttfSF2 1 

I. T&CDR&Zfmbtc. 
[0 02 5] 

Mt2] 

?P7f>> 4 H,0 - *fra*v + gjR 

2. Kmffi: *U7*>fC#1-£Kni|ii3*Jl 8. 5m 
Mt?*-?/c. 30 

3. ilpH:50mM K- V >MfflfflK <p H5. 
5-8. 0). 5 0mMh';xttlUHtiK (pH7. 5 

8. 5) , yy^>NaOH$S5?g ( P H9. 0 ~1 

0. 5) tp-COSSRiSttSMELfc. «©ttSttg5H 
{C^TiiOrab^>T. MSpHB#<J7. 5~9. 0-C$) 

4. ssph: if'jfyimamm (pH2~3) , m 
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wmmm (pH3~6) . k-i/^wmwk (phb~ 

8). h 'JXttlMSffijft (pH8~9) . *yj/:/Na 
OH«B* (pH9~10) "C. 2 5*C. 1 8B$R8£?? 

4^10t*-jfe (06) . 

5. 39ISa:ftSK(c«>tt«IMHSttttlSLAu * 

<mmm i (cqvra »j -c* -> x . sgiag«#j 4 0 *c 

6 . M&Stt : #2&HJ3©gi^£ 5 0 mM K - y 

858? (pH 7. 5) *"C3 0flflMi!aLfc«, SSS-fS 
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[57] ABSTRACT 

Isolation method of creatinase is disclosed The method 
comprises culturing a microorganism belonging to Ba- 
cillus, for example, B-0618 strain (deposition No. 
FERM-P 4049 at Fermentation Research Institute, 
Agency of Industrial Science and Technology, Japan) 
to obtain cells (torn the cultured product, obtaining 
sarcosine oxidase and creatinase-containing solution, 
fractionally eluting sarcosine oxidase and creatinase by 
anion exchange chromatography to obtain a creatinase 
fraction and then collecting creatinase. 

3 Claims, 4 Drawing Figures 
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Conventi nal nutrient sources may be utilized Tvoi- 

METHOD FOR PRODUCING CREATINASE cal nitrogen compounds which may be used as the ni- 

. , . ' trogen source include corn steep liquor, soybean pow- 

This application is a continuation-in-part application der, peptone, various meat extracts, yeast extract, am- 

of application Ser. No. 338,607 filed on Jan. 1 1, 1982, 5 n^ohium sulfate, ammonium chloride, and the like. Use- 

aband ned which is a continuation-in-part application ful compounds which may be used as the carbon source 

of Ser. No. 158,800, filed June 12, 1980, now aban- include glucose, molasses^glycerol, starch hydrolyzate, 

doned. and the like. If necessary .salts, such as sodium chloride, 

The present invention pertains to the method for. potassium chloride, magnesium sulfate, potassium dihy- 

producing and isolating creatinase. 10 drogen phosophate, potassium monohydrogen phos* 

Creatinase -is an enzyme classified as creatine phate, and the like, may also be added. In order to pro- 

amidinohydrolase with the enzyme number of 3.5,3.3., duct creatinase, it is necessary that creatine be present 

catalyzing the reaction represented by the following in the culture medium. When the culture medium c n- 

formula. tains a small amount of creatine, sarcosine oxidase is 

Creatine + rfcO-nirea + sarcosine , 15 predominantly produced, but when the culture medium 

The production of the enzyme has so far been con- contains a large amount of creatine, creatinase is pre- 

fmed to microorganisms belonging to the genera Pseu- domiiiantly produced. It is, therefore, preferable that 

domonas, Flavobacterium, etc. creatine be added to the culture medium in order to 

It has now. been found that a microorganism, B-0618 increase the creatinase production during the cultiva- 
strain, belonging to the genus Bacillus, which was iso- 20 The preferred amount of creatine to be added 
lated from a soil sample taken front an egg-plant farm in ranges approximately from 1.5 to 2&>, thereby a rer 
Shimosasaki, Fukuchiyama City, Kyoto Prefecture, markably high yield of creatinase can be obtained. 
Japan, is capable of producing cellular creatinase from 7*?e estivation temperature may be suitably selected 
which it can be isolated successfully^ when the strain is Wlthin tne temperature range where creatinase is pro- 
cultured in a medium containing a large amount of 25 duped » but a temperature of from 26' to 33° C. is partic- 
creatine. . «?arly advantageous. The period of the cultivation var- 

The characteristics of the culture of the B-0618 strain Jf?- depending upon the various conditions, but 15 to 25 

on various culture media, according to the observations nours cultivation is ordinarily sufficient The cultivation 

with naked eye.and microscope, are described in detail , ^7 be tei 7 nma ^ ed w ^en the potency of creatinase ac- 

in U.Si Pat No, 4,21v,292; The sarcosine oxidase and Q nv ^X reaches the maximum. Creatinase and sarcosine 

creatinase-producing B-0618 strain was named Bacillus, ^ contamed or cumulated in the cells in the 

sp. B-0618, deposited with the Fermentation Research ^^tl^V^ , 

Institute, Agency of Industrial Science and Technol- ^ methp ? °J obt T m S crude sarcosine oxidase and 

ogy, Japan *and; assigned the number, FERM-P No. „ ^S^^ 0 " ? ^ °! 

4049 ■ v . 35, sarcosine oxidase and creatinase from the cultivated 

ing and isolating creatinase which comprises culturing £tSSt^ 2£S f^T^^^IT^- 

Bacillus , P : B-0618. FERM-P No. 40*9 which is a sar- ^Lwa^Sr^JT^ t 1 buffer or 

^ ^.^ ■ r, - , . . . . " " Tns-HCI buffer, according to chice. Then, sarcosine 

cosme oxidase and creatmase-prodncing siram , of*e 40 oxidase and creatinase are extracted from thelXac- 

f^Zu^T ^ m ^' ^ s .fr om cording to suitably selected or combined procS for 

*e ««rftured product, ^ du.rapt.ng the a sa^ine^dase enzyme extraction L> cells, such as lysozjme process- 

^e^ntajnuig solutaon, and subjactag the mg , 8upersonic processing, French presT processing, 

solution to fracttonal elut.cn by anion exchange chro- etc. i^obtain a crude sarcosine oxidase ahdereatina* 

matography to obtain a creatinase fraction and collect- 45 containing solution solution. 

x/i^ t "'!f : ' . . .. \- n Purified creatinase may be obtained from the crude 

More particularly, the present invention relates pro- v^ste oxidase.and creatinase solution by conven- 
ducmg and isolating creatinase which^ comprises sub- - -titmal-purification processes utaized fcr-protems-ana- 
jecttng tne sarcosine oxidase and cieatinase^ntaining enzymes. For instance, the crude sarcosine oxidase and 
solution obtained above to elution by concentration 50 creatinase solution may be mixed with an aqueous prot- 
gradient of Ka 0.1 M to 0.5 M solutions by anion ex- amine sulfate solution to remove nucleic acids, and then 
change chroinatography, eg., diethylajriinoethyl cellu- mixed with an organic solvent, such as acetone, metha- 
lose to recover the /racoon eluted at KC1 0.3 M concen- n ol, ethanol, isopropanol, etc., for fractional precipita- 
trauon and collecting creatinase. (ion, or with a similar salt such as ammonium sulfate, for 

The microorganism employed in the present inven- 55 salting-out of the enzyme, thereby to obtain the desired 

tion, mention may be made of Bacillus sp. B-0618 strain precipitates. The recovered precipitates may be puri- 

as described above. Variants may be produced naturally fled, for instance, until they show a homogeneous pro- 

or artificially. Any of such variants may be employed in tein bond in electrophoresis technique. The methods of 

the present invention so long as they retain the capabil- purification is advantageously one which utilizes the 

>ty of producing creatinase. 60 characteristics of creatinase. For instance, the precipi- 

In practicing the present invention, the Bacillus sp. tates may be dissolved in a medium such as Tris-HCl 

B-061 8 is cultivated according to the conventional pro- buffer, and subjected to a chromatography by use of an 

cedure for producing antibiotics, enzymes, etc. The anion-exebanging substance, such as diethylaminoethyl- 

type of the cultivation may be either liquid or of solid. cellulose, crbsslinked tfethylaininoethyld xtran gel, 

From the industrial point view, however, it is advanta- 65 crosslinked diethylamin ethylagarose gel, etc, r a gel- 

geous that cells f the present strain, is inoculated to a filtration agent, such as dextran gel and polyacrylamide 

industrial scale culture medium,, to effect submerged gel. For example, a chromatography method with an 

cultivati n under aerationragitati n, anion exchanger f (^ethylaminoethylc llulose may be 
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used to obtain a fraction eluted with 0.3 M KC1 solution residua] activity according to the assay method based 
inc ncenfcrat ion gradient of 0.1 to 0.5 M. According to on enzym activity as described above. Creatinase 
th chromatography method by use of diethylamino- proved t . be stable at temperatures, below approxi- 
ethyl cellulose, creatinase is eluted with 0.3 M KCI mately 4CT C,/as shown in FIG. 3. 
solution, while sarcosin oxidase is .eluted with 6.36 M 5 (6) Optimum reaction temperature 
KCI solution. KCI concentration suitable f r elution The optimum, reaction temperature of creatinase was 
varies depending on the anion exchanging substance for formed to be approximately 40° G, as shown in FIG. 4. 
chromatography employed. No doubt, the purification (7). Molecular weight 

may be performed by a suitable combination of these About 74,000 (determined by gel filtration method), 
procedures. Finally, purified powder containing only 10 (8) Isoelectric point 

creatinase can be obtained by drying the product, for Around pH 4.0 (determined by isoelectric focusing 
example, by lybphilization freeze drying process. electrophoresis, using a' carrier ampholyte). 

In the accompanying drawings, As mentioned heretofore, the enzyme, creatinase, of 

FIG. 1 represents the optimum pH dependance of the present invention is recognized as an enzyme classi- 
creatinase; IS fied as creatine amidiriohydrolase with the enzyme 

FIG. 2, pH stability of creatinase; number of 3:5.3:3.; from the fact that it reacts with 

FIG. 3, thermal stability of creatinase; and creatine to form urea and sarcosine with consumption 

FIG. 4, the optimum temperature of creatinase activ- of water, 
ity. Creatmase of the mVention can be utilized m various 

Creatinase as obtained according to the present , in- 20 ways, including use as an enzymatic reagent for clinical 
ventibn was assayed by the method of enzyme activity diagnostics. For instance, it may be used for the deter- 
determination, and proved to have the physicc-chemi- mination of creatinine m senim or urme, in combination 
cal properties, described below. . \ with creatininase and sarcosine oxidase; or it may be 

(1) Assay method of enzyme activity used for the assay of ' creatininase. * 

Into 0.5 ml of a reaction mixture, consisting of 0,05 ml 25 The following non^limiting examples are given by 
of 0.2 M phosphate buffer (pH 7.5) and 0.45 ml of 50 way of illustration only. 
inM creatinase solution, is added 10 ni of enz y me sol u- > .. Wvatltimci 

tion, and the mixture is incubated at 37* C; for 5 min- ...™^ MM-E 1 - 

utes. Thereafter, the reaction is stopped, by adding 0.5 One hundred mililiters of a culture medium (pH 7.0), 
ml of a 0.5 mM PCMB solution, and sarcosine formed 30 consisting of 0.5% of creatine, 0.5% of fish solubles, 
by the reaction is detennmed by using sarcosine oxidase 0.1% of yeast extract, 0.1% of KCI, 0.1% of K2HPO4, 
(E.C. 1.5.3.1). Thus, 0.5 ml of a reagent solution, consist- and 0.05% of MgSO^HiO, were placed in a 500 ml 
ing of 0.1 ml of 0.2 M Tris-HCl buffer (pH 8.0), 0.05 ml volume Erlenmeyer flask, and sterilized at 120* C. for 
of 0.3% 4-aminoantipyrine solution, 0.05 ml of 0.2% 20 minutes. The microorganism comprising: the strain of 
phenol solution, 0.05 ml of 0.05% (W/V) peroxidase 35 Bacillus sp. B-0618, FERM-P No. 4049 was inoculated, 
solution, 0 A ml of sarcosine oxidase solution (30 U/ral), to the culture medium and cultivated at 30* C. for 1 day, 
and 0.15 ml of distilled water, is added to the reaction thus obtaining a seed culture. Twenty liters of the cul- . 
mixture as mentioned above, and the mixture is incu- ture. medium having the same composition as described 
bated a^t 37* C. for 20 minutes. After addition of 1.5 ml above was. placed in a 30 1 volume jar fermenter,. and 
of dtsuiled water, trie reaction mixture is determined 40 sterilized.; After transplantation of the seed culture, the 
colorimetrically at 500 nm, to estimate the amount of medium was cultivated under aeration-agitation at a 
the generated hydrogen peroxide, from which the temperature of 30* C for 20 hours, with 200 r.p.m. 
amount of sarcosine formed by the action of creatinase stirring and 20 1/min. sterilized air rate. The resulting ■ 
is calculated. broth or cultivated product,, was. centrifuged to collect 

One unit (1 U.) of the enzyme activity is defined as 45 12 g of wet cells, which were rinsed with a 10 mM 
the amount of enzyme which forms lu. mole of sarco- phosphate buffer (pH 7.0), suspended in. the same buffer, 
si ne from cre atine at 37' C per 1 minut e. put with lysozyme (fi nal co ncentration = 0.2 mg/ml), 

(2) Reaction . incubated at 37* C for 30 minutes, and centrifuged at 
The enzyme catalyzes the reaction which forms 1 5,000 r.p.m. for 15 minutes, to obtain the supernatant 

mole ofurea and sarcosine, from 1 mole of creatine with 50 (the enzyme activity as sarcosine oxidase, 1400 U and 
consumption of 1 mole of water. the enzyme activity as creatinase, 800 U). The resulting 

(3) Optimum pH ' . supernatant was mixed with 2.5 ml of an aqueous 2% 

. The . optimum pH of creatinase was found to be ap- protamine sulfate solution and centrifuged to remove, 
proximately 7.5-9.0. (Cf. FIG. 1) nucleic acids. Then, , the solution was treated with a 

The buffer solutions employed were dimethylgluta- 55 saturated ammonium sulfate solution, and the precipi- 
rate-NaOH buffer (pH 5.0-7.0), phosphate buffer (pH tates settling at the fractions of from 50% lo 70% con- 
6.0-7.5), Tris-HCl buffer (pH 7.5-9.0), and glycine- ' centration of ammonium" sulfate, were separated and 
NaOH buffer (pH 9.0-10.0), as shown in FIG. 1. dissolved into 20 ml of 10 mM Tris-HCl buffer (pH 8.0). 

(4) pH stability . The fractionation with ammonium, sulfate solution was 
The enzyme .was mixing with each of several buffers' 60 repeated twice,, and the precipitates were dissolved into 

haying different pH, incubated at 37° C for 60 minutes, 10 mM Tris-HQ buffer (pH 8.6). The>esulting solution :. 
and thereafter assayed for residual activity. The buffers was desalted by passing through a column (3;5 cm 
used were the same as described above. Creatinase is diameter X 30 cm) filled with dextrari gel ("Cephadex 
stable at about 6.0-9.0, as shown in FIG. 2. G-25," made t by Pharmacia), and charged into diethyl- 

(5) , Thermal stability 65 aminoethyl ("DEAE-cellul se" made by Brown) col- 
Separate 1 ml fractions of creatinase solution in 10 unm (2.0 cm diameter><18 cm), which had beenequili- 

mM phosphate buffer (pH 7.5) w re subjected to vari- brated with 10 mM Tris-HCl bufTer (pH 8.0). After 
us temperatures for 10 minutes, and assayed f r the washing with the same bufTer containing 0.1 M KCI, the 
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enzyme was eluted with aqueous KC1 solutions in con- rated ammonium sulfate solution was added to this and 

centration gradient f 0. 1 M to 0.5 M. The active frac- the resulting soluti n was centrifuged at 10,000 r o m 

tion eluted with 0.3 M KC1 solution and the active for 10 minutes to obtain a supernatant To this superna- 

fracUon eluted with 0.36 M KC1 soluti n were sepa- tant was added 220 ml of the saturated ammonium sul- 

ratdy-i recovered and the active fraction eluted with 0.3 5 fate solution. The mixture was centrifuged at 10 000 

M KC1 solution was concentrated by a ultrafilter (mad r.p.m. f r 10 minutes to recover precipitates, The pre- 

by Amicon), dialyzed for 10 hours against a 10 roM cipitates were dissolved in 200 ml of 20 mM phosphate 

phosphate buffer (pH 7.5), and then lyophilized, thus buffer having a pH of 8.0 and the insolubles removed by 

obtaining creatinase powder (220 U of total activity, 38 centrifiigation to obtain a supernatant (195 ml 17 600 

mg of protein, 5.8 U/mg of specific activity, and 27.5% 10 U). After the supernatant was further concentrated by 

of recovery; sarcosine oxidase activity was not de- ultra filtration (80 ml, 17,400 U), the resulting sluti n 

t ~~ > " ' ' " was dialyzed against a 10 mM phosphate buffer ft>H 

The active fraction eluted with 0.36 M KC1 solution 8.0). The solution was charged into diethylaminoethvl 

was dialyzed for 10 hours against a 10 mM Tris-HCl agarose ("DEAE^epharose CWB") column (5.0x60 

buffer (pH 8.0) by a dialysis membrane (Visking Co.) 15 cm) which had been equilibrated with a 10 mM Tris- 

and then i was t freezedried to obtain sarcosine oxidase , HC1 buffer (pH 8.0). After washing with 2 1 of the same 

powder (540 U of total activity, 43 mg of protein, 12.7 buffer containing 0.2 M KC1, the enzyme was eluted 

U/mg of specific activity and 38.6% of recovery; creat- with buffers (1.5 1, respectively) containing 0 2 to 0 5 M 

inase activity was not detected.) KQ according to the concentration gradient method, 

EXAMPLE 2 20 and the active fraction eluted with 0.35-0.37 M KC1 

f\w% %% \a aj ■1*1** r i ^ was collected (380 ml, 1 3,500 U). It was concentrated 

One hundred mihliters of a culture medium (pH 7.2) by ultra filtration (40 ml, 13,400 U). The concentrate 

consisting of 1.5% creatine, 0.5% of peptone, 0.2% of was charged into acrylamide gel ("Biogel P-2") column 

yeast extract, 0.5% of corn steep liquor, 0.1% of KC1, for desalting to obtain 90 m 1 of an eluate (12,500 W To 

0.1% of K2HPO4 and 0.05% of MgS04.7H 2 0 were 25 this was then added 1.8 ml of a 50% sucrose solution 

placed m a 500 ml volume Erlenmeyer flask, and steril- and the resulting mixture was Iyophilized to obtain 

1Z ^1« C for 20 minutes < Then » Bacillus sp. R-0618 1,265 mg of creatinase powder (specific activity- 8 2 

(FERM-P No. 4049) was inoculated to the culture U/mg, recovery: 417%). ' 

medium and cultivated at 30° C for 1 day to obtain a What we claim is: 

seed culture. Twenty liters of the culture medium hav- 30 1. A method for producing and isolating creatinase 
ing the same composition as that described above were which comprises culturing a creatinase producing mi- 
placed m a 30 1 volume jar fermenter and sterilized. croorganism Bacillus sp. B-06 18, Firm-P No. 4049, frac- 
After transplantation of the seed culture, the medium tionally eluting sarcosine oxidase and creatinase by 
^va/w^r?^^^^ under aeration-agitation at a temperature anion exchange chromatography from the sarcosine 
of 30 C for 18 hours at 300 r.p.m. and 20 1/min. steril- 35 oxidase- and creatinase-containhlg solution thus pro- 
ized air flow rate. The resulting cultivated product was duced to obtain a creatinase eluted fraction and coliect- 
centnfuged to obtain 230 g of wet cells: Then, 230 g of ing creatinase therefrom. 

thewet ; cells were suspended in 3 1 of 20 mM phosphate 2. A method according to claim 1 wherein the anion 

'"Sv? / ' containing lysozyme (0.5 rag/ml) and exchange chromatography medium is diethylamino- 

EDTA (2 mM) and the suspension was allowed to react 40 ethyl cellulose and the creatinase eluted fraction is 

for 1.5 hours at 37* C! under agitation. The suspension eluted with 0.3 M KC1 solution in [ concentration gradi- 

was centrifuged at 5,000 r.p.m; for 15 minutes to re- ent of KO 0.1 M to 0.5 M. 

cover a supernatant (2.85 1, 24,300 U). To the resulting 3. A method according to claim 1 wherein the ani n 

supernatant was added 28.5 ml of a 2% aqueous solution exchange chromatography medium is diethylaminc- 

of protamine sulfate and the mixture was centrifuged 45 ethyl cellulose and the creatinase eluted fraction is 

(5,000 r.p.m., 15 minutes) to obtain a supernatant (2,830 eluted with 0.2-0.5 M KC1 solution in concentration 

ml, 24,050 UVwhich was concentrated under r educed . gradient of KC1 0.35-0.37 M. - , - : 



pressure (800 ml, 23,600 U). Further, 320 ml of a satu- 
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Purification and Characterization of Creatine Amidinohydrolase 

of Alcaligenes Origin 

Yasuchika Matsuda,*- 0 Naoko W akamats u, a Yosmo Inouye," 
Shigemi Uede,* Yasuhiro Hashimoto, 6 Kenji Asano* 
and Shoshiro Naicamura* 

Institute of Pharmaceutical Sciences, Hiroshima University School of Medicine? 
1-2-3 Kasumi, Minami-ku, Hiroshima 734 1 Japan and Central Research 
Laboratory, Kobayashi Pharmaceutical Co., Ltd.* 3-13-35 
Mitsuya-mwami. Yodogam-ku. Osaka 532, Japan 

(Received October 24, 1985) 

Extracellular creatine amidinohydrolase (creatinase, EC 3.5.3.3) produced by Alcaligenes sp. 
nov. was purified to electrophoretic homogeneity by ion exchange chromatography on diethyl- 
aminoethyl-cellulose, gel filtration on Sephadex G-75 and hydrophobic chromatography on phenyl- 
Sepharose CL-4B. The molecular weight of the enzyme was estimated to be 51000 by gel filtration 
on Sephadex G-200 and sodium dodecyl snlfate-poiyacrylamide gel electrophoresis. The enzyme 
showed the maximum activity at pH 8 and was stable at pH 5—9. The pi value was 4.7 as 
detenmned by isoelectric focusing. The enzyme catalyzed hydrolysis of creatine to sarcosine and 
urea, and the K m and values for creatine were 17.2mM and 105/mioI/rnih/xng protein, 
respectively. The enzyme was markedly inactivated by ^rchloromercuribenzoate (PCMB). Besides 
PCMB, the enzyme was inactivated by tf-bromosuoanimide, Zn 2+ , Cu*+ or H^ + . 

Keywords creatine amidinohydrolase (EC 3.5.3.3); creatine; Alcaligenes; clinical diagnosis; 

hydrophobic chromatography 



Since the Folin method/* which is most commonly used in the clinical diagnostic analysis 
of creatinine in serum and urine, has the disadvantages of poor specificity and requirement for 
deproteinization, enzymatic measurement systems 2 " 55 using creatinine amidohydrolase 
(creatinmase,-EC-3.5.2J0)-and-c^ 

bination with other enzymes (for example, sarcosine oxidase and peroxidase) are replacing the 
Folin method. However, the creatininases and creatinases involved have not yet been 
characterized completely except for those from Pseudomonqs putida. 

In our screening for creatinine catabolic enzymes, a novel species of Alcaligenes was 
found to be an adequate source for creatiniase and creatinase. 6 * The former catalyzes 
interconversion between creatinine and creatine, and the latter hydrolyzes creatine to 
sarcosine and urea. The purification and characterization of creatininase produced by 
Alcaligenes have been reported previously. 7) The present report describes the purification and 
characterization of creatinase of the same origin. 

Materials and Methods 

Materials Sarcosine oxidase (EC 1.5.3.1) of Bacillus subtilis origin was obtained from Toyo Jozo Co. and 

horseradish peroxidase was a product of Wako Chemical Ind., Ltd. Phenyl-Sepharose CL-4B, Sephadex G-75, 
Sephadex G-200 and Pharmalyte were purchased from Pharmacia Fine Chemicals, All the other materials were 
commercial products of analytical grade. 

Production of Creatinase A seed culture was established in a 500ml Sakaguchi flask containing 110ml of a 

medium composed of 1.0% soluble starch, 1.0% glucose, 0.75% meat extract, 0.75% polypeptone, 0.3% NaCi, 0.1% 
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rotary shaker at 200rpm. The seed culture (330 ml) was used to inoculate a 10 1 jar fennenter (LABOTEC Cc w 
LABO LF-100 fennenter) containing 5 1 of a production medium consisting of 2.0% glucose, ZOV aovhe** 
^"E^-J?* f***"-"* NaN °3. 0-1% KH a PO t , 0.05% m|s0 4 -7^0, 0.05% KC1 STooTlV 
FeSOvTH^. The culture was conducted at 28 °C for 48h with aeration at 0.8 1/min and agitotion at^OOrpm 

Assay for Protein Determination The protein concentration was measured by the method of Lowrv et ol °> 

using bovine serum albumin as a standard. 

_ . ^y^Creatoase Activity Assay Method I: A mixture of an aqueous enzyme solution (0. 1 ml) and 50 mM 

Tns-HCl buffer (pH 8.0, 0.9 ml) containing 5pmM creatine was incubated at 37 8 C. After 20min 2 ml of 
dmiemylsulfoxMe wntaimng 1.7% (w/v) ^iimethylaminobenzaldehyde and 13% (v/v) concHCl was added to 
produce a yellow dye from urea which was formed by the enzyme reaction. The mixture was allowed to stand at room 
temperature for 20imn, and the absorbance at 453 nm was measured against the blank, in which the heat-denatured 
enzyme was employed. 

„n ASSa i y ^ Cth0d H: . Amixture of 01 M Tris-HCl buffer (pH 8.0, 0. 1 ml) and 50 mM creatine (0.8ml) was warmed to 
37 C and the reaction was started by adding an aqueous enzyme solution (0.1 ml). After incubation for 20min at 
37 C, the reaction was stopped by adding 1 mM p-chloromercuribenzoate (PCMB, 1 ml). The sarcosine formed was 
determined by further incubation at 37 °C for 20 min with a mixture (0.5 ml) of 30 mM Tris-HCl (pH 8 0) 2 7 mM 4- 
anunoantipyrine, 0.3mg/ml phenol, 30 units/ml horseradish peroxidase, 6 units/ml sarcosine oxidase and 02mM 
PCMB, and the absorbance at 500 nm was read against the blank. In both methods, one unit was defined as the 
amount of enzyme which catalyzed the hydrolysis of 1 /xmol of substrate per min under the conditions described 
above. 

Electrophoresis^ Sodium dodecyl sulfate (SDS>poIyacrylamide gel electrophoresis was performed in 10V 

polyacrylamide according to the methpd of Weber and Osborn. 9 > Bovine serum albumin (M 68000) «- 
chymotrypsinogen {M r 25700) and lysozyme (M t 14300) were used as references to determine the molecular weight of 
the enzyme. Polyacrylamide disc gel electrophoresis was performed according to themethod of Davis 10 ' and specific - 
staining of creatmase activity in the gel was carried out by the formation of diformazan."' ! » Isoelectric focusine was 
conducted according to the method of Laas and Fast-Johansson 12 ' using Phannalyte in a gel rod. 

Results 

Purification of Creatinase 

All the procedures were carried out at 4 °C unless otherwise specified. The culture broth 
wasrcentrifuged at 3500 rpm for 20 min to remove the mycelial cake. The broth filtrate was 
brought to 75% saturation with (NB^) 2 S0 4 at pH 7.8 and allowed to stand for 15 h. The 
precipitate collected by centrifugation at 3500 rpm for 20 rain was dialyzed against 0.02 m 
Tris-HCl buffer (pH 7.8) for 15 h. Then 2% aqueous protamine sulfate was added to the 
retentate (0.7 ml/1 OQmg protein) with stirring and the, whole was allowed to jtand_for 15h._ 
The supernatant obtained by centnfugation at 3500 rpm for 20 min was dialyzed against 
0.02m Tris-HCl buffer (pH 7.8) for 15 h. The crude sample was concentrated by salting out 
with 75% saturation of (NH4) 2 S0 4 and redissolving in 0.02m Tris-HCl buffer (pH 7.8), and 
charged on a column (21 cm x 3.0 cm) of diethylaminoethyl (DEAE)-cellulose (Whatman, DE 
23) which had been equilibrated with 0.02 m Tris-HCl buffer (pH 7.8). The column' was 
thoroughly washed with 1 1 of the same buffer containing 0.15 m NaCl, then the enzyme was 
ehited with a linear gradient of Nad (0.15— 0.7m) in the same buffer. The partially purified 
enzyme from DEAE-cellulose chromatography was further subjected to Sephadex G-75 
column chromatography (Fig. 1) and then to hydrophobic chromatography on phenyl- 
Sepharose CL-4B (Fig. 2). The purified enzyme was dialyzed against 0.02 m Tris-HCl buffer 
(pH 7.8) for 15 h and stored in a frozen state for further characterization. The purification of 
the enzyme is summarized in Table I. 

The purified enzyme showed a angle band on polyacrylamide gel electrophoresis in the 
absence or presence of SDS (Fig. 3). On polyacrylamide gel electrophoresis, the relative 
mobility of the protein band was identical with that of the band stained with diformazan. 

Estimation of Molecular Weight 

By both SDS-polyacrylamide gel electrophoresis and gel filtration on Sephadex G-200, 



No. 5 



2157 




20 25 
Fraction number 



30 



Fig. 1. Gel Filtration of Creatinase on Sepha- 
dex G-75 

The crude enzyme obtained by DEAE-cellulose 
chromatography (2.3 mg as protein) was charged on 
a column of Sephadex G-75 (84cm x 1.5 cm), and 
10 mM phosphate buffer (pH 7.0) containing 0.1 m 
NaCl was used for elution of the enzyme. The eluate 
was collected in 3.8 ml fractions. Creatinase activity 
was measured by assay method II. 

Ot creatinase activity; protein. 
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Fig. 2. Hydrophobic Chromatography of Cre- 
atinase on Phenyl-Sepharose CL-4B 

The peak fractions of creatinase activity from' Se- 
phadex G-75 gel filtration were pooled and, after 
addition of solid (NHJjSQ* to a final concentration 
of 1m, charged on a column of phenyl-Sepharose CL- 
4B (5.5 cm x 1.2 cm) equilibrated with 50 mM phos- 
phate buffer (pH 7.0) containing 1 m (NH*)aS0 4 . The 
column was washed with the same buffer and then 
50 mM phosphate buffer (pH 7.0) containing 0.2 m 
(NHJjSQ* (buffer was changed at arrow A). Arrow B 
indicates a further change to 50 mM phosphate buffer 
(pH 7.0). The eluate was collected in 2.5 ml fractions 
and the creatinase activity , was measured by assay 
method H. 

O, creatinase activity; #, protein; , (NHA- 

so 4 . 



Table I. Purification of Creatinase 



Fraction 


Total protein 
(mg) 


Total activity 
(unit) 


Specific activity 
(unit/mg) 


Recovery 
(%) 


Culture broth 


49820 


3890 


• 0.08 


100 


Ammonium sulfate ppt. 


44850 


3690 


0.08 


95 


Protamine sulfate sup. 


8580. 


3350 


0.39 


86 


Ammonium sulfate ppt 


_.7750- - 


3180— - 


0.41 


- --82 


DEAE-cellulose 


730 


2550 


3.49 


66 


Sephadex G-75 


220 


1270 


5.77 


33 


Phenyl-Sepharose CL-4B 


110 


935 


8.50 


24 



a) 



b) 



Fig. 3. Electrophorograms of Purified Crea- 
tinase 

a) Polyacrylamide gel electrophorogram. b) SDS- 
pplyacrylamide gel electrophorogram. 



the molecular weight of the enzyme was estimated to be 51000. 

Isoelectric Point (pi) of Creatinase 

The pi value was determined to be 4.7 by isoelectric focusing. 



Effects of pH on Creatinase Activity and Stability 

The effects of pH on the enzyme activity and stability were tested by assay methods I and 
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Fig. 4. Effect of pH on Creatinase Activity 

The creatinase activity was measured by assay 
method I. An aqueous enzyme solution (0.39 unit/ 
0.1ml) was incubated with either 0.1m phosphate 
buffer (O, pH 6.0—7.5), O.lM Tris-HCl buffer (O, 
pH 7.5—^.0) or 0.1 m carbonate buffer (A, pH 9.0— 
1 1.0). The enzyme activity under the standard condi- 
tions was defined as 100%. 



Table H. Effects of Various Chemicals 
on Creatinase Activity 

Residual . 



Chemical (1 elm) activity 

CO 



None 100 

Ethyleaediaminetetraacetate 108 

8-HydroxyquinoHne 91- 

^PEenantEioUnV^ 106 ^ 

Monoiodoacetate 99 

p-Chloromercuribenzoate 0 

Glutathione (oxidized) 104 

p-Toluenesulfonyi chloride 102 

Phenylmethanesulfonyl fluoride 99 , 

^-Bromosuccinimide 0 



A mixture of the purified enzyme solution (0.276 unit/0.2 ml) 
in 0.1 M Tris-HCl buffer (pH 8.0) and 5raM inhibitor solution 
(0.05 ml) in the same buffer was incubated at 37 °C for 30min 
and the residual activity was measured by assay method I. 
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Fig. 5. Effect of pH on the .Stability of Cre- 
atinase • 

A mixture of an aqueous enzyme solution (0.063 
unit/0. 1 5 ml) and 0.1 M buffer solution (0.15 ml) was 
incubated at 37 °C for lh. The pH was adjusted to 
near 8 with 0.5 m Tris-HCl buffer (pH 8.0, 0.7 ml), 
then the residual activity was measured by assay 
method II. The activity of untreated enzyme was 
defined as 100%. 

O.citrate buffer (pH 2.0— 7.0); 0, Tris-HCl buffer 
(pH 7.0—9.0); A,* carbonate buffer (pH 9.0—11.0). 



Table DX Effects of Various Metal Ions 
on Creatinase Activity 



Metal salt (I mw) Residual activity (%) 



None 100 

MnCl 2 96 

CoCla 77 

ZnCl 2 14 

CaCl 2 98 

"FeSOi 9T 

MgS0 4 100 

CuS0 4 51 

HgClj 0 



A mixture of the' purified enzyme solution (0.260 unit/0.2 ml) 
in 0.1m Tris-HCl buffer (pH 8.0) and 5mM aqueous metal 
salt solution (0.05 ml) was incubated at 37 °C for 30min and 
the residual activity was measured by assay method I. 




II, respectively. The optimum activity was observed near pH 8 (Fig. 4). Although the enzyme 
was stable at pH 5 — 9, it seemed especially labile at pH below 4 (Fig. 5). 

Effects of Various Chemicals and Metal Ions 

The creatinase activity was measured by assay method I! As shown in Table II, the 
enzyme was completely inactivated by PCMB and W-bromosuccinimide. The inhibition by 
PCMB, however, was reversed by 50% by the further addition of 10 mM dithiothreitol. 
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Among metal ions tested, the enzyme was adversely affected by Zn 2+ , Cu 2+ or He 2 * and 
negligible effects were observed with the other metal ions (Table ITS). 

Kinetics 

Since the enzyme catalyzed the hydrolysis of creatine to sarcosine and urea, the kinetic 
parameters were obtained from Lineweaver-Burk plots,"' using creatine as a substrate The 
aad Rvalues were calculated to be 17.2mMand 1 05 /unol/min/mg protein, respectively 
by assay method II, using a reaction mixture composed of an aqueous enzyme solution ( 0 043 
unit/0.1 ml), 0.1 m Tris-HCl buffer (pH. 8.0, 0.1 ml) and 2-50mM aqueous creatine solution 
(0.8 ml). 

Discussion 

The creatinase and creatininase were produced by the parental strain of Alcaligenes sp 
nov. at the ratio of 1 : 20 in terms of enzymatic activities (0.1 and 2.0 units/ml, respectively) 
By repeated selections for substrains producing a high titer of creatinase, the productivity of 
creatinase (0.4 unit/ml) was increased approximately 4 times over that of the parental strain 
while the creatininase activity (0.3 unit/ml) was decreased to approximately one-seventh of 
that of the original strain. 

Although creatinyl-AH-Sepharose was used as an affinity adsorbent for the weatininase 
from Alcaligenes, the creatinase could not be separated from impurities which were retained 
on the column by the strong ionic interaction with guanide groups of the adsorbent However 
hydrophobic chromatography on phenyl-Sepharose CL-4B was found to be effective for the 
isolation of the creatinase. Furthermore, the creatininase coadsorbed with the creatinase on 
phenyl-Sepharose CL-4B was not eluted from the column with 50mM phosphate buffer (pH 
7); the enzyme was finally eluted with H z O. 

To date, creatinases from Arthrobacter ureafaciens 1 ^ and Pseudomonas putida 11 * have 
been reported. The former has not yet been purified completely, though the molecular weight 
was-estimatedito be 100000. The latter was purified extensively by Yoshimoto et a/."*- c > and 
found to be composed of two subunits with a molecular weight of 47000. Like the creatinase 
from Alcaligenes, the enzyme from Pseudomonas was inactivated by PCMB. The pi values of 
both enzymes are 4.7. However, the creatinase from Alcaligenes is a monomer with a 
molec ular weight of 51000. TheJ^ values for creatine of the e nz ymes from Pse udomonas and 
Alcaligenes are 1.3" and "T72mM, respectively. In addition, on polyacrylamide gel elec- 
trophoresis, the enzymes showed different mobilities. It is worth emphasizing that thespecific " 
activity of the creatinase from Alcaligenes is 65 times higher than that of the creatinase from 
Pseudomonas. 

The purified enzymes of Alcaligenes origin should be useful in the enzymatic de- 
termination of creatinine and/or creatine in clinical samples. 
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